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Advanced Innovative PV-Hybrid Concepts:  
PV-Diesel Hybrid; PV-Small-Hydro & Pump-Storage Hybrid; PV-Biomass/Biogas Hybrid Systems 
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PV Power Plants / Systems account for the vast majority of installed nominal Solar PV power production capacity 

Three main PV POWER Plant and System Applications 

PV Roof-Top Power Systems 
Commercial / Industrial / Agricultural 

PV Power Plants 
large scale Solar power generation 

PV Hybrid Power Systems 
PV-Diesel / -Wind / -Small Hydro / - Biomass 

Large / very large PV Power Plants generate Solar electricity at lowest costs of 0,06 to 0,1 $/KWh 
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Straightforward design, most cost-effective at lowest CAPEX, power output however directly correlated with solar irradiation 

Basic Sketch of a Grid-Connected PV Power Plant / System 
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ΧΧ 

Power Storage Technologies are for most power applications still too expensive  

Two principle ways to provide power at low/no sunshine time periods: 
(i) Storage of Power, (ii) Power Generation by Complementary Means  

Electricity Storage     Hybrid Solutions - Complementary Power Generation 

ÅPV-Diesel Hybrid 
 
   
 

 
 
 

ÅPV-Biomass/Biogas Hybrid 
 
 
 
 
 

 
 

ÅPV - Small-Hydro Hybrid / Pump-Storage 

Lithium-Ion 
Accumulator 

Redox-Flow 
Accumulator 
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Χ ǿƘƛŎƘ ǿƛƭƭ ōŜ ƳƻǊŜ ŀƴŘ ƳƻǊŜ ƛƳǇƻǊǘŀƴǘ ŀǎ ǘƘŜ ǎƘŀǊŜ ƻŦ wŜƴŜǿŀōƭŜ 9ƴŜǊƎƛŜǎ ƛƴ ǘƘŜ 9ƴŜǊƎȅ aƛȄ ǘƻ ƎŜƴŜǊŀǘŜ ǇƻǿŜǊ ƛƴŎǊŜŀǎŜǎ 

PV-Diesel Hybrid is immediately cost-effective and highly attractive with low payback times. 
PV-Small-Hydro is much favored on many accounts ς it can be designed to store energy.  

Advantages of PV-IȅōǊƛŘ {ȅǎǘŜƳǎ Χ 

General Advantages of PV-Hybrid Systems: 

J  Flexible, demand-driven power generation 
      power can be generated on demand along the load profile 

JAt the example of PV-Diesel Hybrid Systems:  
- Diesel fuel savings of up to 70% 
- Usable life-time of Diesel GenSets more than doubled 
- Associated cost reduction in both CAPEX & OPEX 
- Proven technology ς power can be generated according to demand in a wide range 

JAt the example of PV-Small-Hybrid Systems, including pump storage: 
- Most cost-effective Renewable Energy Technology 
- Energy can be stored inexpensively and over longer periods of time 
- Proven technology - power can be generated according to demand in a wide range 
- Once built, small hydro / pump storage is environmentally benign (no emissions, etc.) 
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Χ ŀƴŘ ƴŀƳŜƭȅ ƻŦ t±-Biomass/Biogas Hybrid Systems  

Biomass abundant in Philippines ς Biogas Power Plants offer solutions for future needs 

Advantages of PV-IȅōǊƛŘ {ȅǎǘŜƳǎ Χ 

Specific Advantages of PV-Biomass/Biogas Hybrid Systems in the Philippines  

J Abundant and inexpensive Biomass available all year around, 
Biomass waste or Biomass surplus available at low cost in most regions of the Philippines 
Biomass Plants widely deployed in Philippines, several new projects under construction  

J Significant positive impact on local economy,  
e.g. skilled and unskilled employment opportunities 
e.g. solutions to various waste problems 
e.g. utilizing an otherwise unused/surplus resource 

J Specific advantages for PV-Biogas Hybrid Power Systems: 
- Very high flexibility in power generation at wide load ranges! 
- Biogas easy and inexpensive to store ς translates to power generation on demand 
- Solution for meat production waste problems, in addition to surplus/waste biomass 
- Advanced Biogas Power Plants offer possible solutions to grid-stability issues 
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Biomass burning is most common as it is a rather simple technology based on off-the-shelf small steam turbines 

PV-Biomass simple to design and deploy, can be used for base load power generation 
PV-Biogas Hybrid Power Systems far more sophisticated, allow for demand-driven solutions 

Two principle Bio-Technologies: Biomass and Biogas 

Biomass: burning of Biomass to generate steam 
to power a low-temperature steam turbine  

Biogas: fermenting process to produce large 
quantities of Biogas to run a common engine 
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Biogas generation is a more sophisticated and more energy-efficient means to utilize a wide range of Biomass surplus and waste 

Biogas Hybrid Power Systems emerging as advanced new PV application 

Two principle Bio-Technologies: Biomass and Biogas 

Biomass: burning of Biomass to generate steam 
to power a low-temperature steam turbine  

Biogas: fermenting process to produce large 
quantities of Biogas to run a common gas engine  
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Cleary an option for Indonesia, Malaysia, Philippines, Thailand, Vietnam, and other countries 

All other equal, PV-Biogas Hybrid Power Systems are perfectly suited for South-East Asia!  

PV-Biomass/Biogas Hybrid Power Systems 
are very suitable for many rural regions in South Easz-Asia 

Strength and Weaknesses of of PV-Biomass vs. PV-Biogas Hybrid Power Systems 

Biomass Burning Technology Biogas / Gas-Engine Technology 

+ Simple concept, commonly used in many regions 
+ Off the shelf components, comparably low CAPEX 
+ Several suppliers for turn-key Power Systems  
+ Well suited for base load   
 
 
 
 
- Only burnable Biomass can be used 
- Limited load range ς can only be operated near 

optimal thermodynamic  
- Can not be run-up on a short notice 
- Low system efficiency of app. 20% due to, 

i.e. 80% of fuel-feedstock is wasted as heat  

+ Biogas easy and inexpensively to store 
+ Wide range of organic waste can be used 
+ Very wide load range from idle to 100+% 
+ Extremely flexible power generation ς can be  
    started up from 0% to full power within minutes 
+ Ideal for grid stabilization 
+ Established technology ς several suppliers  
 
- CAPEX? 
- OPEX? 
- Expert O&M Know-How required 
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