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Abstract

The present work describes an economic analysis and optimization of a combined ejector-vapor compression
refrigeration cycle assisted by solar energy. Two environmentally friendly working fluids are used: water in the
ejector sub-cycle, and CO, in the vapor compression sub-cycle. The conjugation of the steam-ejector cycle with the
CO, booster is proposed in order to operate the CO, cycle with lower pressure, thus increasing the coefficient of
performance (COP). Through the economic analysis the solar collector area and the intercooler temperature are
optimized using the f-¢ -chart method. Also, a second law analysis was carried out to determine the optimum
operation condition for a given exergetic efficiency. The optimization was performed considering the operation of
an icemaker for a location in the Amazon River area for given specific cost assessments.

1. INTRODUCTION

Global warming has encouraged researchers to develop environmentally friendly energy systems as a
measure to achieve substantial reduction of greenhouse gases emissions. Refrigeration and air-
conditioning represent large electricity consumption, especially in tropical regions like Brazil.
Concerning the potential impact of industrial refrigerants on earth’s atmosphere and their impact on the
global climate change, natural refrigerants like water and CO, are considered a workable option (Calm,
2008) due its stability and abundance in nature. The challenge developing applications of these
refrigerants using solar energy is to achieve systems which are economically competitive with traditional
vapor compression cycles.

A solar assisted refrigeration cycle using a booster (auxiliary compressor), proposed by Sokolov and
Hershgal (1993), has been studied in last decades. The advantage of this cycle is a substantial increment
on cycle’s COP, compared with an ejector cycle at the same sink temperatures. Regarding this model,
Colle and Vidal (2003) and Vidal er al. (2006) presented a conjugated cycle using two different
refrigerants: R134a and R141b. Both presented the optimization conditions according the P;-P, method
(Brandemuhel e Beckman, 1979), where an hourly simulation is necessary. The authors checked all the
equations contained in the paper of Colle and Vidal (2003), and identified several errors and mistakes in
the basic equations, which are corrected in the present analysis. Since the availability of validated

meteorological data in developing countries is limited, Colle et al. (2008) validated the f- q; -chart method
(Klein and Beckman, 1979) for the particular case of a solar assisted ejector cycle. This validation allows
proceeding with an economic analysis using the solar fraction, calculated through the f- a -chart method,
as a function of monthly means of incident solar radiation.

The present work presents an economic analysis of an icemaker for a location in the Amazon River area
by using the f- ¢ -chart method to correlate solar collectors’ parameters with the monthly means of solar
radiation incident on Manaus city. The refrigeration cycle is configured by an ejector and mechanical
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compression sub-cycles, where H,O and CO, are used as working fluids. Hence the optimization carried
out considers two variables: solar collector area, and intercooler operation temperature.

Cycle Description

Figure 1 shows the arrangement of the combined cycle. It consists of a solar heating system, an ejector
refrigeration system (H,O) and a mechanical compression system (CO,). The use of these refrigerants has
environmental advantages, besides the obvious cost advantage of water and the possibility to reach lower
temperatures by using CO,. The connection between the two refrigeration sub-cycles is an intercooler,
which serves as evaporator for the ejector system, and as condenser for the mechanical compression
system. Its working temperature 7, is set between the condenser temperature 7, and the evaporator
temperature of the CO, booster, 7.
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Figure 1. Solar assisted water ejector with CO, booster

The working principle of the cycle is as follows: solar collectors supply heat to a vapor generator, which
operates as the heat source for ejector cooling cycle. Water evaporates in the vapor generator at
temperature 7,. An auxiliary heating system is placed if the amount of heat provided by the solar heating
system is unable to satisfy the thermal load requirements. The combined operation of solar and auxiliary
heating systems guarantees a proper steady-state flow rate of refrigerant. The steam flows though the
convergent-divergent nozzle of the ejector. As it enters the mixing section, a low pressure region is
caused by the expansion, which induces the secondary steam flow from the intercooler. The primary and
secondary steam flows are mixed in the ejector, and the combined stream undergoes a pressure recovery
process at the ejector’s diffuser. The mixture of both steams flows to a condenser and loses heat at a
temperature 7,. After the condenser, the flow splits into primary, which is pumped back to the vapor
generator, and secondary, which flows to the intercooler at 7, after passing through an expansion valve.
The ratio of primary to secondary nozzle cross section areas of the ejector is designed in order to achieve
the maximum flow ratio in the evaporator, for a given flow ratio of the primary stream. In the mechanical
compression system the compressed CO, is condensed in the intercooler, where the latent heat released is
used to vaporize the water. The condensate undergoes a pressure reduction in a throttle valve and then
enters the evaporator where it produces the necessary cooling effect.

2. ECONOMIC EVALUATION AND OPTIMIZATION

Ejector’s cycle COP is defined by the ratio between the heat transferred at intercooler (Q,) and the heat
transferred in vapor generator (Q,), as follows:

Qe

8

COP,(T,,T.,T,) = (1)
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This COP is estimated using the thermodynamic model presented by Sun (1997) and Eames et al. (1995).
For a mechanical vapor compression cycle, the COP is defined as:

0
COP (T.,T,)=— 2
m( r e) 114 ()

m
where Q, is the refrigeration load and W, is the mechanical power consumption by the compressor.

Defining the COP for the combined cycle as:

Qr

COP=——""—,
0, +W,

3)
then the expressions above leads to:

COP,COP,
1+COP, +COP,

COP(T,.T,.T..T,) = )

In order to estimate the economic performance of the combined cycle, it is compared with a traditional
mechanical compression cycle operating at the same sink temperatures. Concerning the environmental
issues described before, the cycle was compared with a transcritical CO, cycle, whose COP is expressed
by:
COP,(T.,T.)= & 3)
M r>>c W

M

Regarding the definitions of Klein and Beckman (1979), the lifetime cost savings function for a combined
ejector-mechanical cycle is defined as the difference between the total capital cost for a fully mechanical
system and for the proposed cycle. This function according Colle et al. (2004) is defined as follows:

1 1 (1-7)
LCS = P,Q, At {cm[m—@j -Cpy W} P, (C,A.+C,-C, —C,, —C,), (6

where P; is the present worth factor for a uniform series of expenses in electricity or natural gas,
consumed by the auxiliary system. Cg; and Cr; are the specific cost of electricity and natural gas,
respectively, at the first year of analysis. P, is an economic factor, described by Brandemuehl and
Beckman (1979), which is composed by system's financial cost, depreciation and other minor capital cost.
C, is the solar collector cost per unit of area, C,, is the capital cost of CO, booster, Cg; is the capital cost
of ejector system (including thermal reservoir, steam generator and intercooler), Cr is total cost of
equipment which is independent of collector area, Ac¢ is the collector area and f is the annual solar

fraction, calculated by the f- é -chart method considering 7,,;,, = T, as suggested by Colle et al. (2008).

The annual solar fraction is expressed in terms of the monthly refrigeration load (Q,) and the annual
refrigeration load (Q,) as follows:

_12 le
f‘; 0,

According the methodology of Klein and Beckman (1979) the monthly solar fraction is expressed by the
following correlation,

(M

f = 5main_O'0015(63.85f; _1X1_eo.1sx,. )Rsmﬁ ®

where @ is the maximum daily utilizability and R, is the ratio of standard storage heat capacity per unit

of collector area, assumed unity for this analysis. The parameters X; and Y; are modified to include the
COP of the refrigeration system, as follows:
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Y, = A.F, (m),[ (_) }H N, % 9)

| (za),

X, = A, (FU, )100At, CQL (10)

r.
i

Ti

where FrU, and Fr(t), are the collector efficiency coefficients, and ET,. is the monthly average daily
radiation on collector surface.

Alternatively, equation (6) can be rewritten as:

£=0{E( LR J—aF(l_f)—aC+i (11)

cop, COP, cor C,

LCS
P,C,0,At’

where (=

— PICEI
pC,

E
— PICFI
F s
PZCA
CM _Cm _CEJ _CE
0.At

The solar fraction (f) depends on area A, efficiency factors (FrU,, Fr(t),), COP(T,T,T.T,) and
temperature 7,,;, Thus, considering the economic viability of the system for the cases whit £ > 0 ensues,

a( ! ! j+i—aczwzo (12)

f\cop, copr, ) C, coP

and d=

The above inequality shows the existence of a maximum specific area a,,,, defined as:

1 1 d
A, =0 +— (13)
cop, cor,) C,

Deriving equation (11) with respect to a., obtains the following expression:

)
f = COP (14)
aa
Thus for the limit case of £ = 0 equation (11) can be rewritten as:
a.1-
A — 0 =—F( /) (15)

max c COP

Replacing ¢ from equation (14) into equation (15), it leads to:

(4 —a) L

=1- 16
20, f (16)

Instead of the expression in equation (11), equation (6) can be rewritten as:
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%y v L (17)
cop, c,

aE +aF(1_f)
coP cop

m

where ¥ =

Thus, deriving equation (11) with respect to the temperature 7, leads to

9 _ 9y _ a 0COP,  a [(1-f)ICOP of as)
o7, oT, C OP,: o7, COP| COP T, o7,
Hence, making the equation above equal to zero, the following expression is found:
dCOP. CcoP; 1- f)aCoP
aE—m:_ F—m ai+(—f‘)ﬂ (19)
daT, COP | 0T, COP JT,

Equations (16) and (19) can be solved in terms of a. and 7, for a given pair (&, o). Therefore, replacing
ar from equation (14) into (15) through a,,,, is possible to express ¢ as function of a.. Hence, curves of
0=0¢/da.=0 on coordinates ¢ and ¢ can be plotted. Similarly, replacing ¢ in equation (10), it is also
possible to express ¢ as function of a. and plot curves of d¢/0T,=0, for a constant T,

Icemaker

In order to illustrate the economic analysis described before a numeric example is analyzed. Considering
the installation of a 3TR (10.55 kW) icemaker in Manaus (Amazon River), the operation temperatures of
the system are listed below:

T,=-5°C T,=35°C T,=120°C

Solar collector used is evacuated tube type, with efficiency parameters provided by manufacturer. Capital
cost of refrigeration cycles were estimated using in ASPEN Economic Evaluator (2009). The economic
life considered was 20 years, with a discount rate of 8%, and inflation rate of 3%.

Regarding the considerations above, Figure 2a shows the root a, for the corresponding a,,,, value. At this
figure the curve h is defined as:

h=(a,, —a)>"— (20)
da,
032
1.2 q 1
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Figure 2a. Solution for the specific area a, Figure 2b. Curves of ¢ and 9¢/07, for different

numeric values of d/C,

Figure 2b illustrates the feasibility diagram for the icemaker, where the region below the curve £ = 0
corresponds the economically viable points.
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The cost function ¥ has two bound limits, the first one for 7,=7, which is given by

aF(l_fr) Q1)

T )=
vt cop,(r,,1.T,)

where f, is the value of the solar fraction f, evaluated at 7,=T,. The second bound for 7,=T,, is given by

O

—_— 22
COP,(T,.T.) .

w(T, )=

Let us define the cost ratio A.=a/o%, and

COp,(1,.1,.T,)

The following three cases arise from equations (21), (22), and (23),
i. A=A, which leads to ¥ (T,) = w(T,),
ii. A< 4, which leads to ¥ (T,.) > w(T,), and
iii.  A.> A, which leads to w(T,) < w(T,)

Figure 3 shows the shape of the cost function ¥ for different intercooler temperatures. Also, the Carnot
cycle limit was plotted. It is observed a strong dependence on the intercooler temperature, which is

dependent on the ratio A..

25

Combined cycle

051 Carnot cycle

Te

Figure 3. Cost function comparison of the combined and Carnot Cycles

3. SECOND LAW ANALISYS

The optimization methodology described in previous section was carried out regardless the second law of
thermodynamics. However, the relationship between economic parameters and the thermodynamic
performance of system’s components have particular interest on optimization of operation conditions.

For the combined cycle proposed, according to the theory presented in Kotas (1995), the entropy
generation of the whole cycle is expressed as follows:

S en = % - & - % (24)
“ T T T
where 0.=0+0,+W, (25)
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Using equations (2), (3) and (25), equation (24) can be rewritten as:

1 1 1 1 1
w=0, il I e S (26)
C OP\T. Tg T T Tg COP,
From the definition of irreversibility associated to equation (24), as defined by Kotas (1995), referred to
the environment temperature 7, according to equation (26), is given by

]:TaQr L i_i +i_i+; X))
COP\T, T, r. 1, T,COP,
Thus, the exergetic efficiency is defined by
1
(28)
Z E,, +W,
where ZE ., 1s the exergy sum of the heat input.
The overall input exergy for the whole system is proven to be given by the following expression.
1 Y7T,-T,) 1
> E,, +W,=0, d + (29)
cor C OP, T, COP,
The specific irreversibility is defined as ¢=1/Q,. From equation (27), ¢ can be written as follows
¢=To L i_i +i_i+; (30)
COP\T, T, . 17T, T,COP,

From equation (28) and the definition of ¢, the exergetic efficiency can be written as
n,=1-9¢0 /A ZEQi” + W, ). Replacing the denominator by its expression given by equation (29) in

the former equation, the exergetic efficiency can be written as follows

1 1 \T,-T,) 1
n,=1- - + 3D
copP COP, ) T, COP,

14
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Figure 4. Exergetic efficiency and irreversibility functions
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Figure 4 shows the curves of exergetic efficiency and the specific irreversibility, computed from
equations (30) and (31), for different intercooler temperatures. From this figure is inferred the existence
of an optimum value of these functions

Constrained Optimization

It is verified that the optimum point achieved by the cost function ¥ is significantly different from the
minimum point achieved by the irreversibility function @. Therefore it makes sense to optimize the cost
function ¢ for constant values of @. The cycle irreversibility defined in equation (30) is function of the
intercooler temperature 7,. Therefore from the mentioned equation, the intercooler operating temperature
can be found for each specified value of ¢.

A constrained optimization of function £ in terms of collector area and intercooler temperature is carried
out by applying the method of Lagrange multipliers. Hence, let us define the auxiliary function L as
follows:

L=(+2(¢-9,) (32)

for a specified value of @, or I,. Taking the derivative of equation (32) with respect to a., equation (14)

is recovered. Nevertheless, taking the derivative of the same equation with respect to 7, the following
equation holds,

% + 4, % =0 (33)
ar, ' ar,

In terms of function i, the following equation holds,
_9y . A 9 _, (34)

or, ' oT,

Thus according to the equation above, for each numerical value of 7, 7. can be determined from
equations (30) and (31), and then a, can be found from equations (15) and (16). Using the calculated
values of 7, and a,, the Lagrange multiplier is obtained from equation (34) as follows,

:al al (35)
T,/ or,

(

Therefore, curves for constant value of ¢ as function of a. and 7., (or T,) can be plotted. Once the
Lagrange multiplier A, is calculated, the optimum sensitivity coefficient for the optimum value of ¢ is
know to be expressed by the following partial derivative

a,,
A, = Y (36)

The equations above can be used straightforward to carry out the numerical evaluation of the constrained
optimum.

4. CONCLUSIONS

The present work reports a basic economic analysis of a solar assisted ejector cooling cycle with a booster
using two environmentally friendly working fluids: water and CO,. This approach is useful to determine
the conditions under which, the proposed cycle is economically viable.

The methodology proposed was used to evaluate the operation of an icemaker in Amazon River. For this
example, considering d/C,=0, the optimum collector area is 102 m”. From Figure 2.b is o observed that
higher values of d/C, will increase the viable region at the diagram.
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Numerical example shows different optimum solutions for temperature for life cycle cost savings
function and for exergetic efficiency function. This result is expected since an optimum economic design;
in general is not equivalent to an optimum thermodynamic design (Kotas, 1995).

It worth mention that the concept of the system proposed here, for ice production in the Amazon region,
has considered the condensation process by using air condensers. A more attractive alternative is to
consider condensation process by using water from rivers as condensing fluid. Since the temperature of
the water in the Amazon region is lower than 20°C, liquid condenser enables one to reduce the condenser
temperature to 25°C. Lower condenser temperatures increase the COP of the system, and therefore reduce
the required collector area.

The extension of the present paper to the case of condensers with liquid as cooling fluid is being carried
out, for both unconstrained and constrained optimization, by considering other cost scenarios.

5. REFERENCES
ASPENTECH, Aspen Capital Cost Estimator, Aspen Engineering (V7.0)

Brandemuehl, M. J., and Beckman, W. A. (1979). Economic evaluation and optimization of solar heating
systems. Solar Energy, 23, 1.

Calm, J.(2008) The next generation of refrigerants — Historical review, considerations, and outlook.
International Journal of Refrigeration, 31, 1123-1133.

Colle, S., Vidal, H., Tapia, G. I. M. and Silva, A. J. G. (2003). Thermoeconomic evaluation and
optimization of solar assisted thermally driven cooling cycles-with irreversibility constraint.
Proceedings of Solar World Congress - ISES, Goteborg.

Colle, S., Pereira, G. S, Vidal, H. and Escobar, R. (2008). On the validity of a design method for a solar
assisted ejector cooling system. Solar Energy, 83, 139-149.

Eames, I. W. , Aphornratana, S. and Haider, H. (1995). A theoretical and experimental study of a small-
scale steam jet refrigerator. International Journal of Refrigeration, 18, 378-386.

EES (2009), Engineering Equation Solver, F-Chart software.

Huang, B. J., Chang, J. M., Wang, C. P. and Petrenko, V., A. (1999). A 1-D analysis of ejector
performance. International Journal of Refrigeration, 22, 345-364.

Klein, S. A., and Beckman, W. A. (1979). A general design method for closed-loop solar energy systems.
Solar Energy, 22, 269-282.

Kotas,T. J.(1995). The exergy method of thermal plant analysis. Krieger Publishing Company.

Sokolov, M. and Hershgal, D. (1993). Solar-powered compression-enhanced ejector air conditioner. Solar
Energy, 51, 3, 183-194.

Sun, D-W.(1997). Solar powered combined ejector-vapour compression cycle for air conditioning and
refrigeration. Energy Conversion and Management, 38, 479-491.

Vidal, H., Colle, S. and Pereira, G. S. (2006). Modeling an hourly simulation of a solar ejector cooling
system. Applied Thermal Engineering, 26, 663-672.

Proceedings of the ISES Solar World Congress 2009: Renewable Energy Shaping Our Future
290



	PLENARY
	426 The sacred cow
	422 Measuring, managing and alternatives to the age of scarcity
	338 The recent Hubbert peak of world oil production, its likely impacts on population, lifestyles, conflicts, globalization, and the environment; and the challenge and opportunity it offers ISES

	RESOURCE ASSESSMENT : ORAL
	314 Statistical comparisons of clearance-index-based diffuse solar radiation correlations in Aljouf, Saudi Arabia
	66 Modelling the conditional variance of wind farm output utilising realised volatility
	81 Bayesian model selection of solar diffuse fraction models
	382	Effect of photovoltaic array tilt-angle on seasonal energy generation for Lagos - Nigeria
	250 Temporal and spatial availability of solar energy resources in Zimbabwe
	112 The state of energy resource assessment in Chile
	408 Comparison of solar resource assessments for South Africa
	219 Applying measured reflection from the ground to simulations of thermal performanceof solar collectors
	123 Spectral solar irradiance estimation with metrological parameters
	196 Evaluation of projected beam irradiation for selected Zambian sites
	54 Methodology of analysis of biomass potential using GIS
	240 Solar energy potentials in Gobi Desert by remote sensing approach
	45 Rational use of renewable energy on earth
	346 Solar, hydro and wind electricity generation potential of the Free State province, South Africa
	263 Empirical correlations of Global irradiation and weather data at Kumasi
	115 Toward a physically based, high resolution surface solar irradiance climatology from geostationary satellites
	6 Fast alternation of solar radiation
	294 Biomass potential of Sub-Sahara Africa and next generation technologies to maximize bioenergy usage
	313 Empirical correlations for diffuse and global solar radiation in AlJouf City, Saudi Arabia
	21 Evaluation of global solar radiation models for Riyadh, Saudi Arabia
	20 A simple model of the monthly global solar radiation in Madina, Saudi Arabia, based on four meteorological variables

	RESOURCE ASSESSMENT : POSTER
	167 Predicting global solar radiation using sunshine duration and ambient temperature
	105 Determination of solar radiation in urban environments supported by a GIS considering the obstacles incidence
	60 Status and perspectives of wind power in China
	106 Solar UV and global radiations measured at Pernambuco, Brasil
	107 Estimating atmospheric Linke turbidity index from climatic data for Pernambuco

	SOLAR HEATING & COOLING : ORAL
	25 A comparative study of brackish water desalination using indigenously prepared solar desalination unit
	214 Experimental investigation of PCMs for the hot side of a vapour compression heat pump to adjust tariff rates
	275 Assessment and optimization of the performance of a novel solar refrigeration system applied in agro-food industry
	206 A novel system of combined power generation and water desalination using a renewable energy source
	65 Design of a MaReCo collector for high solar fraction
	378 Collector parameter identification methods and their uncertainties
	402 Cost assessment of an optimized solar assisted water ejector cooling cycle with a booster using CO2 as working fluid
	335 Novel concept for a solar cooler/heater based on adsorption cycle for domestic application
	157 Performance testing of solar thermal systems combined with heat pumps
	159 Low temperature chemical heat storage - new technologies and developments
	232 Ten year study of a novel ICPC solar collector installation: optical modelling and material degradation
	16 Efficiency and lifetime of solar collectors for solar heating plants
	260 Thermal stratification in a hot water tank established by heat loss of the tank
	202 Holistic system testing – 10 years of concise cycle testing
	332 Solar transmittances for glass covers with and without anti reflection treatment under real climatic conditions
	57 Sorption storages for solar thermal energy – possibilities and limits
	195 Sesign and performance of a solar air-conditioning system powered by heat-pipe evacuated tube collectors
	127 Effect of convection using two PCMs on the thermal performance of BIPV systems
	216 Solar water heater employing heat pipe
	203 Solar thermal water disinfection: 500 litres of clean water per day for 500$ initial investment
	423 Comparison of five approaches to solar assisted cooling
	256 Improving the compatibility between steady state and quasi dynamic testing for new collector designs
	336 Solar process heat in breweries - potential and barriers of a new application area
	414 Experimental study of a humidification and dehumidification desalination system of solar air collector with evacuated tubes
	288 Hybrid photovoltaic thermal (PV/T) - desiccant integrated infrared drying technique
	83 Innovative example for central solar heating plant with seasonal thermal energy storage in Germany
	192 Characterisation of a novel concentrating parabolic trough solar collector: A comparison of international models
	34 Determination of a focal point of a parabolic reflector using a red laser diode.
	189 Experimental evaluation of a novel heat exchanger for solar water heating systems
	37 Optically selective surfaces in low concentrating PV/T-systems
	370 Misalignment effects in a point focus solar concentrator
	365 CPC-trough—compound parabolic collector for cost efficient low temperature applications
	191 Evaluation of a solar adsorption cooling device 2009
	376 Freshwater and cooling cogeneration by solar energy
	255 Investigation of dynamic effects in evacuated tubular collectors
	257 Solar/electric heating system for the future energy system
	10 Internal thermal coupling in direct-flow coaxial vacuum-tube collectors
	100 Solar heating and cooling for the solar city Gleisdorf
	406 Analysis of incentives using an energy system model for solar water heater installation in Gauteng megacity region, South Africa
	311 Guaranteed Solar Results for Commercial Solar Hot Water Systems
	208 Development of a modular and compact charge and discharge unit for large-scale solar thermal systems
	19 Introduction for demonstration projects of solar heating and cooling in China

	SOLAR HEATING & COOLING : POSTER
	259 Low cost solar powered ultra violet water purification system for rural communities
	334 Optimal design of fabric inlet stratifiers
	169 Fabrication of common man solar water heater
	211 Assessment of the efficiency of a solar radiation concentrating system
	247 Experimental investigation on a rock-bed for high temperature solar thermal storage
	269 Design and study of building integrated multi-function solar air collector
	222 Modelling of a novel volumetric absorber, suitable for compact solar concentrators with rock storage.
	397 Optimization and modelling of a high temperature solar thermal storage adapted to operate as hotplates.
	417 Novel concept for a solar cooler/heater based on adsorption cycle for domestic application
	251 Implementation of a modular approach for large-scale solar thermal systems in TRNSYS
	47 A circulating pump powered by local heat for liquid solar installations
	300 Microcontroller based data acquisition and control of a solar thermal energy system
	154 Modular specification of large-scale solar thermal systems for the implementation of an intelligent monitoring system
	178 Developing a new energetically-based control method for solar heating systems
	184 Collector efficiency testing - The 2-node collector model ready for implementation in European standard EN 12975
	331 Long term investigations of thermal performance and energy savings for a solar combi system
	201 Potential improvement in the design of immersed coil heat exchangers
	363 Influence of different load profiles on the performance of a solar hot water system
	374 Performance analysis of solar hybrid PV-thermal system incorporating PCM
	396 Software for solar district heating systems design used in low income houses
	398 Mathematical modelling and experimental evaluation of non-uniform water flow in flat plane solar collectors
	424 Dynamic model for small scale concentrating solar energy system with heat storage
	318 Temperature profile in rock bed heat storage for food preparation
	264 Review of solar ejector air-conditioning systems
	145 Comparative study on transmittance of transparent coverings for solar collectors
	146 Experimental assay for adsorptive cycles measurements
	78 Thermal evaluation of a high temperature solar air heater
	361 Single pass solar water heaters
	42 High efficiency flat plate solar collector based on a selective double glazing
	43 Soil regeneration by unglazed solar collectors in heat pump systems
	241 The temperature of the liquid flowing in the solar collectors tubes
	266 Evaluation of optical and thermal performance of community type parabolic solar cooker
	305 Convective and radiant heat transfer in the solior solarwater heater
	405 An innovative solar simulator for research and development of solar thermal collectors
	317 Solar hot water storage with storage volumes up to 50 m³
	109 Simulation and optimization of a solar driven air conditioning system for a house in Chile
	218 State-of-the-art solar simulator with dimming control and flexible mounting

	SOLAR ELECTRICITY : ORAL
	369 Thermal energy storage in a rock bed
	24 Investigation of ITO physical properties with and without ZnO buffer layer on different substrates
	82 PV system concepts and energy efficiency
	92 Concentrator photovoltaic systems with AC system efficiencies >23% field proven
	111 Effect of non-uniform temperature distribution in the photovoltaic array on efficiency of photovoltaic systems
	114 Web-based solar photovoltaic hybrid design tool for rural clinics in Africa
	35 Photvoltaic devices based on photosynthetic reaction center protein
	29 Outdoor test for energy consistency in amorphous silicon photovoltaic modules using general linear modelling
	404 A monthly average solar irradiation based algorithm to access the life cost savings of photovoltaic – diesel hybrid power plants for isolated grids
	391 Performance and prospects of a lightweight water-borne PV concentrator, including virtual storage via Hydroelectric-Dams.
	337 The use of kites to provide maritime wind propulsion
	99 Solar hybrid innovation powers Marble Bar and Nullagine, The two hottest towns in Western Australia
	77 Solar thermal power plant model to determine fossil fuel backup consumption for different locations in northern Chile
	409 Potential assessment for concentrating solar power in South Africa
	79 Analysis of performance of photovoltaic modules connected to the electric network after twenty years of operation
	80 Universalization of electric energy through energy distributed by photovoltaic systems in isolated communities in Brazil
	128 Small hydropower for rural electrification in South Africa - using experiences from other African countries
	327 High productivity wind turbines
	319 Techno-economic modelling of solar power systems 2009
	17 Numerical simulation of glass-to-metal sealing stress in solar receiver tube
	226 Ageing of grid connected Li-ion traction batteries used for storage of fluctuating renewable energy
	401 Performance characteristics of airfoil-blade micro wind turbines
	233 Thermal stress and fatigue life analysis on molten slat central receiver
	162 Design, construction and characterization of a multiple sensor solar radiation detector.
	242 A self-powered hybrid photovolatic and solar thermal cell
	94 Small scale solar ORC system for distributed power in Lesotho
	357 Preliminary study of a 1200 house off-grid development powered from biomass
	381 Laminar separation bubble prediction with CFD
	353 Linear fresnel collectors as an emerging option for concentrating solar thermal power
	98 Regulating solar chimney power plant output according to demand
	53 Assessment of parabolic trough solar power plant in typical Chinese northern region
	268 Self-assembled solar lighting systems
	272 Design of a multi-purpose target-aligned heliostat field
	119 Coupling analysis of PV powered fan systems for low power without batteries
	120 Field analysis of commercial PV inverters in the 5KW power range with respect to MPPT effectively
	97 Analysis of an offshore wind farm in India for sustainable energy
	5 Non-destructive test method for determining encapsulation cure levels
	156 Distributed generation systems for South Africa based on renewable energy resources
	118 A review of potential bulk solar power generation options for the Upington area of South Africa
	85 Parameter extraction from I-V characteristics of PV devices
	380 Stall considerations in solar chimney turbines
	254 Decentralized solar lighting can enhance health and living conditions of the poor
	36 Hybrid backup solutions for unstable grids
	101 The international business alliance for renewable energy in developing countries

	SOLAR ELECTRICITY : POSTER
	23 Physical properties of aluminum doped zinc oxide films prepared by RF sputtering method
	26 Effect of Al2O3 thin film on ZnO electrical and optical properties deposited by RF sputtering
	129 Fabrication of ZnO nanowires on AlZnO thin film with potential application in high efficient solar cells
	364 Assessment and optimization of the performance of a novel solar refrigeration system applied in agro-food industry
	385 Selection of non-alloyed contacts for ZnO nanowire based devices
	344 Development of high frequency nano-rectifiers for solar power generation
	194 Experimental research of turbulent heat transfer in a STP absorber tube with non-uniform heat flux
	73 Optical tests for sunlight concentrators
	89 Energy comsumption of a photovoltaic-powered reverse osmosis system
	236 Concentrating solar power baseload renewable power: The convenient truth!
	389 Modelling, design and testing, of a solar thermionic convertor.
	367 Development of advanced technologies for enhancing efficiency in sterling engines for solar power plants
	46 Efficiency and gas-water balance condition of solar energy H2O=H2+½O2 power cycle
	340 A hybrid thermoelectric solar system for domestic hot water and electricity production
	207 Thermal performance analysis of silicon carbide ceramic foam used for solar air receiver
	301 The development of high efficiency advanced multi-junction solar cells
	281 Photovoltaic's market in the central and eastern Europe
	72 Comparison of amorphous and crystalline silicon photovoltaic technologies in a water pumping system
	177 Estimation of daily clear-sky biologically effective erythemal radiation from broadband (3102800 nm) global solar radiation
	74 Analyses of solar divergence collimators
	117 PV-H2-boat SOLGENIA: Swimming laboratory combines PV and hydrogen with a sophisticated energy management system
	134 Biogas, as a renewable energy source, produced during the anaerobic digestion of organic waste
	258 Treatment of residual waters from industrial processes of washing jeans using solar energy
	20 Replacing kerosine based lighting with white LED in rural area in Bangladesh.
	360 A new method for heliostat surface adjustment
	290 Modelling the potential capacity of PV systems to reduce peak electricity loads

	SOLAR BUILDINGS : ORAL
	303 Assessment of daylight qualities in sustainable buildings
	270 Case study on residential buildings design process integrated wall-mounted solar air collector in cold area in China
	182 A simplified method for evaluating the daylighting performance of Venetian blinds
	342 Summer cooling a new energy need in high latitude countries
	181 Climate zone definition for energy efficient solar buildings in South Africa
	30 Comparison of sustainable energy technologies and their application to low energy building
	27 Re-shaping our built environment for a RE future
	343 The basics of crystalline silicone based photo-voltaic module production
	279 Effect of difference glass types of pyramidal skylight on indoor conditions
	93 Monitoring and simulation of a building for agamic propagation plant production
	286 Thermal comfort in outdoor spaces. Impact of different urban design strategies for arid regions
	14 Heat self-driving pump uses in the solar architecture and building integration
	51 A preliminary study on energy-saving strategies of rural house in North China
	419 Daylighting design in sustainable solar architecture
	96 Reduction of greenhouse emissions from the university of South Australia-learning to educate with less
	108 Cost-effective low energy solutions – a demonstration project in Denmark - Results from the Class 1 EU Concerto project
	302 Light-scattering properties of a Venetian blind slat used for daylighting applications
	287 The impact of passive design and solar energy use in a housing development on the electrical grid
	230 Study to enhance comfort status in naturally ventilated vernacular buildings of northeast India
	316 Study on building-integrated photovoltaic technologies and applications in Hong Kong
	312 Development of advanced model for concentrating photovoltaic (CPV) system
	68 Workshops in Dutch sustainable building design practice
	69 Collaborative integral design of active roofs
	362 The application of solar water heating system in Zhejiang Province, China

	SOLAR BUILDINGS : POSTER
	271 Analysis of thermal performance of building envelope adapted to climate in cold region of China
	12 Efficient school project - Distrito Federal - Brazil
	41 Development of a small BIPV system at polytechnic university of Bucharest
	307 Sun-Moon mansion --the model of solar buildings
	237 Evaluation of thermal performance in buildings
	44 All-weather stand-alone synthesis energy system of a GPT technology shaping our future
	209 Evaluation of the energy efficiency of smart windows with electrochromic glazing and external shading devices using different control strategies
	328 Relation of ecological policy instruments and technological innovation in the solar thermal branch
	410 Presentation of the experimental feedback of a zero energy building under tropical climate
	64 Storage floor with solar air collectors
	285 Energy-efficient landscape for buildings. Statistical assessment of factors determining urban heat island of Mendoza city
	125 Design and application study of low energy house and passive house in China
	420 Analyzing of Badgir as a sustainable ventilation system in traditional Iranian buildings
	399 Bioclimatic modernism in Mexico, Brazil and India: an overview after Brasilia
	67 Integral building design approach of building and occupants: follow the sunSUN
	352 Large scale utilization and case study of solar building integration in China
	186	Trombe wall redesign for a poultry brooding application in the equatorial region employing Galerkin finite element analysis

	SOLAR ENERGY & SOCIETY : ORAL
	63 The EWE Research Center NEXT ENERGY: An approach for utility driven research into renewable energies
	190 Evaluation of renewable energy options to reduce primary energy demand
	135 Strategies and policies to encourage Australian residential investment in solar energy
	165 On-line use meters for monitoring zero energy cooking devices
	354 Drivers of solar energy implementation in developing countries: a cost–benefit perspective versus environmental perspective
	110 Solar city Malmö - the solar energy centre of Sweden
	151 The role of research, education and training in promoting the deployment of renewable energy in Mozambique
	52 Adelaide solar city: innovative solutions to engage consumers and facilitate behavioural change
	33 Renewable technology for energy access and poverty alleviation in Sahelian countries: evidence from Senegal
	229 “Integration” – a buzz-word for changing energy structures and key to efficient technology implementation 
	204 Solar energy: a solution to energy poverty in Africa?
	58 Analysis of the learning curve of photovoltaic technology and the underlying significant factors
	308 Renewable energy and research within Eskom
	293 Appropriate energy technology and development
	235 International standards for solar water heaters
	234 Mainstreaming solar hot water in the Australian market
	315 Improving the future success and sustainability of Bangladesh's SHS program
	415 Renewable energy education project (REEP) - a knowledge network for market driven training
	95 Methodological proposal for solar technology transfer. case-study in the Argentina northwest
	388 Energy modelling to substitute renewable energy sources in the commercial energy scene
	355 Socio-economic impacts and regulatory framework requirements for a solar PV feed-in tariff in South Africa
	212 Strategies to regulate the renewable energy industry in Namibia
	289 European standards for thermal solar systems and solar Keymark certification
	368 Potential of hybrid PV systems for rural South Africa – addressing income activities and water supply
	227 Role of solar water heaters in Gauteng province, South Africa
	282 Long term performance of amorphous silicon grid connected photovoltaic system 
	262 Solar energy in Burkina Faso: potential and barriers
	144 Wind energy and reverse osmosis: a contribution for the drinking water supply in the northeast region, Brazil
	155 Sustainable cities: density versus solar access? A study of digital design tools in architectural design
	116 Community powerhouse: a rural electrification model for Vanuatu
	91 Energy saving potential and economical analysis of solar systems in the urban quarter Scharnhauser Park
	356 Solarcampus – project-based student courses turn a university towards renewables and energy efficiency
	299 The cradle-to-cradle concept as strategy for application of energy efficiency and renewables in sustainable development
	170 Solar cookers in Africa

	SOLAR ENERGY & SOCIETY : POSTER
	322 Programmatic CDM as a financing opportunity for a mass SWH rollout in South Africa
	359 How ISES will build their refinery in Nigeria
	273 Energy as a key element of an integrated climate protection concept for the city region of Gauteng - EnerKey
	55 Economic model of biomass prices
	183 Educating future solar technology leaders
	421 Brazilian solar water heating systems evaluation
	425 Cruz del Sur: a pilot solar village in Chile
	248 Solar energy use for sustainable development

	OTHER SUBMITTED PAPERS
	166 Seasonal and spatial distribution of direct solar radiation over Nigeria
	205 Sorption storage in agricultural solar drying applications
	13 Study on the heat stability of non-saturated solar pond
	50 Effect of different dehydration methods (solar, oven and sun- drying) and preservatives onthe organoleptic properties of cow 's meat
	62 Analysis of an integrated solar collector-humidifier for seawater desalination
	175 Experimental research of power output of two-phase solar heat pipe (TPHP)
	373 Numerical heat transfer analysis of parabolic trough collectors
	416 Radiation analysis of a single-slope basin solar still: effect of cover slope
	198 Current status of mini-grid PV / wind power plants in China
	387 Solar generated electricity - is it possible to achieve grid parity with fossil fuel generatedelectricity?
	59 Hybrid system photovoltaic and fuel cell for supplying amazonian isolated communities
	88 Design parameters of a solar power station of 1.0 MWe with linear focus collectors
	238 Effect of crystalline silicon passivation by high concentration hydrogen treatments
	295 Annual evaluation of the grid-connected photovoltaic system. Case study: Lampião system
	349 Photovoltaic pumping system to produce grape culture in region of the São Francisco river
	351 Optimization of electrode grids dimensions for ITO-free organic photovoltaic devices
	407 Evaluation of mathematical models for photovoltaic generation simulation
	252 The propose of a Brazilian grid-connected photovoltaic roofs program, in connection with acomprehensive set of public policy measures
	324 Environmental responsive features of various Chinese traditional houses in cold areas andindoor thermal environment
	341 Evaluation of solar desiccant cooling system in a small office building
	113 The initial three years of inhabiting Germany's first affordable all-year solar house
	136 Study on design methods of low energy house and passive house in China
	277 Analysis of active façade structures finalized to an optimal handling of solar radiation in acivil building located in a Mediterranean climate
	339 Solar collectors classification using dimensionless numbers
	7 Energy Planning for India with Focus on Solar Based Electricity Generation
	71 Deploying Concentrating Solar Thermal Technology in China
	86 Performance evaluation of renewable energy technologies in Nigeria
	358 Open and collaborative innovation as an enabler for solar water heating – a DSM challenge

	SEARCH
	Hosts: ISES and SESSA
	Welcome Messages
	Steering, Scientific & International Committees
	Reviewing Process
	Disclaimer & Copyright
	Support
	Exit

