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Abstract

Heat pump systems with borehole heat exchanger and unglazed solar thermal collector have been
analysed in two pilot systems and assisting TRNSYS-Simulations. Measurements carried out and
simulations demonstrate that the borehole heat exchanger is annually regenerated by the solar
collector. This results in a different behaviour compared to systems without a solar collector. As one
effect of the changed system behaviour, the results of one investigated system, e.g. a simulation
reference system, become transferable to other buildings by normalization to the total heat demand.
Furthermore the influence of significant parameters on the annual performance factor and a correction
function to characterize the heat sink side of the heat pump is presented.

1. Introduction

An unglazed solar collector offers heat at low costs on a low temperature level. For this reason its
application is especially suited in combination with a borehole heat exchanger (BHE) supplied heat
pump system (HP-system) (Tepe et al., 2003). The low temperatures of the heat source side, of
about -5°C to +10°C, result in very high solar yields of over 500 kWh/(m2a). The major part of the
solar yield however, is provided during periods of small heat demand during the summer.
Nevertheless the high solar collector yield affects the system in two aspects. Firstly, it results in
higher temperatures on the heat source side of the HP, which leads to a 0.3 to 0.5 increased annual
performance factor (APF) and hence reduced electricity consumption. Additionally, the balance
between the heat extracted in winter and solar energy supplied in summer, the complete regeneration,
changes the system behaviour significantly. These aspects of a solar regenerated BHE and their
impact on the system are discussed in this paper.

2. Long-time temperature development in BHE

The soil in conventional HP-systems cools down by the continuous heat extraction. In several systems
a quasi stationary state is only reached after years. This applies in particular to large systems with
many BHE or comparatively close adjacent BHEs in residential areas. BHE affect each other
particularly in such arrangements. After some years of operation, a temperature field forms around
such BHE arrangements, which usually reaches over the border of the estate and reduces the thermal
efficiency of the BHE (Kiibert et al., 2008).

Both simulation and measurement demonstrate that the long-term cooling of the soil is avoided by
solar regeneration. As an example the temperatures measured in the BHE field of the pilot system
Limburg are displayed in figure 1. The 14 (2 x 7) rectangularly arranged BHE are 17 m deep and
constructed at a distance of 4 m. The extracted and rejected heat from the BHE is balanced on a yearly
basis (Bertram et al., 2008). Although the temperature influence of the surface and of the BHE
interfere with each other in the comparatively shallow BHE field, it nevertheless shows clearly that
despite the HP operation the soil temperatures show no long-term decrease. Hence, long-term cooling
of the soil is avoided by solar regeneration. These measurement results confirm the simulations
conducted.
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Figure 1. Temperatures measured in the middle of the BHE field in the pilot system Limburg.
Distance of BHE is 4 m with an arrangement of 2 x 7 and a depth of 17 m

3. Minimum distance for BHE

A further impact of the soil regeneration BHE is that they can be realized with significantly smaller
distance to each other than in conventional HP-systems. This is demonstrated by the simulation results
of figure 2, in which the BHE are situated with a distance of 3 m and 15 m. Without collector, the
BHE distance has a significant influence on the APF of about 0.5. On the contrary, with collector the
APF becomes nearly independent of the BHE distance. Thus it is inferred, that the interference of
multiple BHE even at very low distances is extensively neutralized by solar regeneration.
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Figure 2. Annual Performance Factors without electrical parasitic consumption for borehole distances
of 3 m and 15 m, an annual heat demand of 30 MWh/a and a simulation period of 10 years
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On the basis of numerous TRNSYS-Simulations, solar supported HP-systems have been analyzed and
the significant influences on the APF identified. The starting point is a reference system for a single
family dwelling with an over-all heat demand of 12.7 MWh/a, a double U-pipe borehole heat
exchanger and a unglazed collector from the Rheinzink company.

Within these simulations it is revealed that the correlation between APF, BHE and collector can be
transferred from the reference system to different sized systems, if the length of the BHE and the
collector array are normalized to the over-all heat demand.

The simulation results for the reference systems and two other heat loads with 20 and 30 MWh/a are
displayed in figure 3 non-normalized (left) and normalized (right). While for absolute BHE-lengths
and collector arrays (left) no obvious transferability is seen, the normalized representation (right)
shows an extensively heat load independent APF behaviour.
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Figure 3. Annual Performance Factors without electrical parasitic consumption for different heat
loads of systems with 30, 20 and 12.7 MWh/a in non normalized (left) and normalized form

In the normalized diagram the only difference occurring is a constant off-set of 0.15 in the APF
between the two larger heat loads and the reference system (12.7 MWh/a). This difference is
explained as the particular advantageous situation of operating a single BHE. Considering this
constant deviation, an error for standardization of 0.06 in the APF results from the simulations. By
normalizing the collector array and the BHE length to the over-all heat load, the simulated APF for
the reference system can be transferred to other systems within a certain range. However, the
following restrictions have to be considered:

* A normalization is only possible in systems with solar collector and complete regeneration.
Systems without or very small specific collector arrays below 0.8 m2/(MWh/a) can not be
normalized.

¢ In the simulations the BHE are designed as long as possible, but always smaller than 100 m.
The maximum BHE length simulated has been 400 m corresponding to four BHE. Other
designs of BHE fields have not been investigated.

e Systems up to a heat load of 35 MWh/a have been analyzed in the simulations. For larger
systems or BHE fields it is assumed that due to long term storage effects and the interference
of the BHE, the influence of the BHE field arrangement increases.

¢ The simulations are based on heat load distributions of residential buildings in Germany,
which assumes a typical number of operation hours with maximum heating load below
2000 h/a. For very small BHE or longer annual operation periods high specific heat extraction
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and correspondingly very low temperatures may occur. These effects are not considered
within the normalization.

e The APF displayed in figure 3 does not include parasitic electrical consumption for the
operation of pumps or a direct electric heater. But using the APF of the simulation reference
system, these energies have to be taken into account.

4. Simplified Design

The normalization described above permits a prediction of the APF depending on the BHE length and
size of collector array on the basis of the reference system introduced. In compliance with the fore
mentioned restrictions, a design of a collector array of at least 1.2 m?*(MWh/a) and 7 m/(MWh/a)
BHE length are recommended. This minimal design leads to an APF of 4.5 for a single BHE and 4.35
for multiple BHE (not taking electrical consumption for pumps and direct heater into account). As an
example, for a building with a total heat load of 17 MWh/a the result is an unglazed collector array of
20.4 m? and a total BHE length of 120 m corresponding to two BHE each of 60 m in length.

5. Influences on the annual performance factor (APF)

Apart from collector array and BHE length, further influences on the APF have been determined in
numerous simulation runs and correction functions have been developed. These correction functions
allow an APF prediction, even in cases of conditions differing from the reference system.
Furthermore, the influences on the heat pump heat source and on the heat sink side are independent
and do not interact as the simulations indicate. Hence in the following, the heat sink side, heating
system and domestic hot water is described first and then followed by a description of the heat source
side, BHE and collector array.

All modifications on the heat sink side effect the APF by a constant value AAPF and can be
characterized by the effective consuming temperature T.¢ according to equation (1). Here Ty consists
of the most important temperature levels and associated heat loads. Both the heat load for the space
heating Qy.,« and the heat load for domestic hot water preparation Qpyw include the heat losses in
addition to the usable heat (e.g. for DHW storage losses).

T. = Qreat * Theat + Qorw * Tonw
off =
Qtotal

6]

The effective consuming temperature T is determined by the energetic weighting of the heating- and
domestic hot water temperatures Ty, and Tpgw. The determination of the heat loads for the demand
and additional losses is calculated according to common design methods for buildings (e.g. in
Germany “Energieeinsparverordung”). Further details are described in (Scheuren et al., 2008). System
analysis revealed that for Tpypw the storage set-point temperature and for Ty, the design return
temperature are good assumptions.

For different temperature levels and heat loads, AAPF, the difference to the reference system, is
displayed in figure 4 and plotted against the effective consuming temperature T.;. Here, the domestic
hot water temperatures, heat loads and radiator size are varied simultaneously. From these results, a
simple linear correlation is extracted in equation (2), which describes AAPF as a function of the
effective consuming temperature Teg.

AAPF =-0.097 - T +3.733 (2)

On the basis of equation (2) and the normalization in figure 3 (right), the results of the reference
systems can be transferred to other cases of heat consumption with any combination of temperature
level and heat load.
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Figure 4. Changing AAPF for various effective consumer temperatures T at different heat loads and
temperature levels, simulation results and linear regression plot according to eq. 2

Finally, the characteristic influences on the heat source side have been identified and correction
functions derived. These parameters are displayed in Table 1 and must be considered in the case that
they differ from the settings in the reference system. The heat conductivity of the soil and the standard
heat pump performance are revealed to be the most important and influencing parameters on the heat
source side.

(Scheuren et al., 2008) contains a complete description of all correction functions.

Table 1. Parameters to consider in heat pump systems with unglazed collector

Influence to consider Value for reference Effect of correction
system function on...
Heat conductivity of soil 2 W/mK BHE length
Orientation of collector 45° tilted, south Collector array
Climate location Kassel, Germany Collector array

Performance of heat pump

35°C running- and 0°C source temperature 4.6 APF

Electrical consumption of pump and

. Not considered APF
direct heater

Acknowledgements

The results presented are based on the work of the project “UMSys” funded by Deutsche
Bundesstiftung Umwelt (FN 21098). The authors are grateful for their support. The authors alone are
responsible for the content of this publication.

Proceedings of the ISES Solar World Congress 2009: Renewable Energy Shaping Our Future
808



Bertram E., Glembin J., Scheuren J., Zienterra G., (2008) “Unglazed Solar Collectors in Heat Pump
Systems: Measurement, Simulation and Dimensioning”, Proceedings of the EUROSUN 2008 st
international Congress on Heating, Cooling and Buildings, ISES (ed.), October 2008, Lisbon,
Portugal, 235

Kiibert M., Héhnlein S., Bayer P., (2008) ,,Grenzabstinde bei Erdsondenbohrungen®, Proceedings of
the &8th Internationales Anwenderforum Oberflichennahe Geothermie, Erdgekoppelte
Wirmepumpen und thermische Energiespeicher, Tagungsband (ISBN 978-3934681-71-2), Bad
Staffelstein, 93-100

Scheuren J., Bertram E., Glembin J., (2008) Final Report of the project UMSys “Unverglaste
Metalldach-Sonnenkollektoren in Wirmeversorgungssystemen: Systemkonzepte und Auslegung,
Kurzbezeichnung UMSys”, project ,,UMSYS* (Filenumber 21098) was funded by the Deutschen
Bundesstiftung Umwelt (DBU)

Tepe R., Ronnelid M., Perers B. (2003) “Swedish Solar Systems in Combinations with heat pumps”,
ISES Solar World Congress Goteborg, Proceedings on CD, International Solar Energy Society
(ISES) und Solar Energy Association of Sweden (SEAS) (eds.), ISBN 91-631-4740-8, Nr. P5 25

Proceedings of the ISES Solar World Congress 2009: Renewable Energy Shaping Our Future
809



	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

