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Summary. This paper provides an overall perspective of 
the different aspects that are considered in assessing the optimal 
operation of a hybrid renewable system (HRES) in a location of 
interest.  In order to facilitate the understanding, a methodology 
is presented in diagram blocks and then it is implemented in 
Trnsys to simulate an applied case study. The objective is to 
analyze the interrelation between the HRES configuration 
system with the demand strategy applied, considering a fixed 
and a flexible demand capability. 
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1. Introduction 
 
Renewable Hybrid Systems are one of the most 
promising approaches for non-connected areas with 
significant difficulties to be connected to the electrical 
distribution network.  In addition to this, distributed 
generation resources also enhances the properly 
integration of different energy resources in order to 
maximise the coverage of the demand energy needs and 
facilitate the operation of such mini grids with specific 
problematic. 
 
Nowadays, it exists many different software that tackle 
this issue, such as the popular HOMER or Hybrid2, 
however, none of them take into consideration the 
demand flexibility in the system, and therefore the 
benefits associated to it have not been analyses nor 
assessed.   
 
In order to tackle this issue, research objectives should 
include: 

1) Natural resource characterization (solar 
radiation, wind, available biomass, etc.). 

2) Analysis of the integration of different 
renewable systems based on the natural 
resources.  

3) Assessment of the reliability using different 
renewable hybrid system configurations. 

4) Demand flexibility characterization. 
5) Evaluate the impact of the demand participation 

in microgrids based on hybrid renewable 
systems. 

 
2. Methodology 
 
In order to estimate the synergies and potential of 
renewable hybrid system in a specific area, a particular 
methodology was developed to analyze the benefits and 
limitations. The methodology provides an overview of 
the different aspects that have been considered in the 
assessment of an HRES viability (site characteristics, 
natural resources profiles available, demand needs and 
capability of being flexible, reliability requirements, and 
limitations in the optimization, such as maximum land 
space or maximize load coverage).  
 
This methodology has been implemented in Trnsys for 
simulating and analysis different scenarios of an applied 
case. 
 
A. Natural Resources Characterization 
 
Renewable Systems are very sensitive to local weather 
conditions [1], therefore it is essential to analyse in detail 
the natural resources available in the area of analysis and 
its profile.  Hence, first step is to characterize the natural 
resources available: solar radiation strongly depends on 
latitude and climate conditions, wind speed and direction 
is affected by atmospheric circulation patterns and 
geographic influence, and biomass varies with local 
industry productivity and seasonality.   
 



 
Fig.1. HRES methodology implemented in TrnSys 
 

1) Solar Profile. Represents the solar resource data 
from the location of interest, indicating the 
amount of global solar radiation that will come 
into contact with the Earth´s surface. Data is 
presented in hourly average global solar 
radiation on the horizontal surface (kW/m2) for a 
complete year. In case, 8760-hourly data is not 
available, Graham and Hollands’s [2] algorithm 
can be used to generate a simulated hourly 
global solar radiation data based on 
autocorrelation, where the tendency for one day 
is similar to the preceding day, and similarly 
with each hour. 
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Where, 

 

:PVPR System losses (%) 

:NPVP  Nominal solar power installed (kW) 

 
 

2) Wind Profile. It is necessary to collect data 
related to wind speeds and direction, as well as 
the anemometer height above ground of the data 
measurements, during at least a year period in 
the location under analysis[3]. Otherwise, hourly 

wind speed data can be estimated from 
statistical parameters: Weibull shape factor[4], 
autocorrelation factor, diurnal pattern strength, 
and the hour of peak wind speed.  Then, based 
on the wind turbine power curve, the wind 
power output, W(t) is calculated.  
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3) Biomass Profile. Biomass resources are very 

heterogeneous (wood and agricultural residues, 
animal waste, energy crops, etc) and can be 
valorized to produce heat or electricity. The 
main challenge of generating energy from 
biomass is optimizing the logistics, combining 
the seasonality of various residues to achieve a 
continuous provision of residues and 
guaranteeing its availability, since they normally 
compete with other final uses (animal feedstock, 
etc.).  Hence, biomass resource characterization 
needs to consider the following[5]:  
 

1) Initial Tipification and Characterization of the 
residues 

2) Quantification 
3) Distribution Analysis and Area of Production. 
4) Seasonality Analysis 
5) Availability Analysis / Viability  
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Where, 

 

:PjCR Coefficient of generation j (t/ha) 

:PS  Land of the residue (ha) 

:BPR System losses (%) 

:GBP  Nominal biomass power installed (kW) 

 
 
B. Potential of generation 
 
According to the resource data, an initial approach is to 
estimate the maximum power that can be generated by 
each renewable system (wind, solar and gasification). 
The total potential of generation of HRES corresponds to 
 
W(t): wind generation (kW) 
S(t): solar production (kW) 
B(t): biomass energy valorization (kW) 
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C. Demand Characterization 
 
As the natural resource, demand requirements need to be 
characterized in the area of analysis. It is interesting to 
identify the demand profile of the different sectors 
(domestic, commercial, and industrial) in order to assess 



priority needs and capacity of demand flexibility of the 
geographical area.  First, demand is disaggregated, 
initially by sectors, and then in consumption 
requirements by final use: lighting, air conditioning, etc.  
Then, it needs to be obtained the energy consumption in 
the different processes that participate in each typical 
customer. The analysis is based on economic or social 
data as well as engineering relationships that allow 
modeling the primary energy demands and end uses.  
 
The result of this analysis is a representative static picture 
of the energy consumption state in the considered 
location, based on the analysis of significant parameters 
such as the number of beds in hospitals, surface in 
commercial centers, number of students in universities, 
number of homes, etc. [6], converted in energy parameters 
that will provide the final demand with the following 
information.  
 

1) Customer identification. 
2) Energy supply. (Electricity, Gas, Fuel, and 

Other) 
3) Final use. (thermal energy demand, lighting, 

other) 
4) Demand Flexibility 

 
 
Total energy demand considers all the different energy 
uses with respect to time, according to the following 
expression: 
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:DP  Power requirements of the demand 
:DF  Demand reduction applying flexibility 

 
D. Optimization Approach 
 
Several aspects and challenges are considered when 
optimizing stand-alone hybrid systems[5,6]: cost, 
reliability, design and control, geographical limitations 
and power quality [7]. In the last years, several approaches 
have been used by researches in determining the most 
adequate dimensioning of HRES and optimizing HRES 
configurations. The most promising and useful methods 
are the heuristic algorithms, concretely multi-objective 
approach based on genetic algorithms (GA) [7]. 
 
Furthermore, achieving adequate results, optimization 
criteria need to be clearly stated. There are many 
different approached, however, the most important ones 
are minimizing the cost [8] or maximizing operational 
hours of the system.   
 
3. Applied Case Study 
 
The methodology has been implemented in a specific 
case for an isolated area in Colombia with significant 
natural resources: solar, wind and biomass.  
 

Population has been analyzed to be conformed of 
domestic houses and a small hotel.   
 
Next, it is described the HRES configuration as a whole 
and it is analyzed its behavior considering three different 
profiles of demand mainly required by the hotel: low, 
medium and large. 
 
A. Solar, Wind and Biomass Resources 
 
Renewable energy resources are analyzed as first step in 
the methodology: 
 
Biomass: Area of interest has available biomass residues 
from cardoon energy crop land.  Generating coefficient 
for this residue is 18 t/ha (dry content) and cardoon crop 
land available corresponds to 12 ha.  
 
Wind: Main direction of the wind is East with mean 
speed values of 12 m/s, as it may be observed in the 
figures 2 and 3. 
 

 
Fig. 2.  Wind frequency rose 
 
 

 
Fig. 3.  Mean speed by direction 
 
 



Solar: Global solar radiation over the surface is shown in 
figure 4 for a complete year. 
 

 
Fig. 4. Total solar radiation on tilted surface. 
 
Total available area for the PV solar installation is 
1200m2. 
 
B. Potential of generation 
Potential of generation with renewable natural resources 
of solar, wind and biomass is assessed using the 
following generating units: 
 
Solar: Solar energy is generated using panels of 230 Wp 
of nominal power in a 34 x17 array. 
 
Wind machine: Selected wind machine corresponds to a 
vertical exe turbine of 3.5kW, with a cut-in wind speed of 
3 m/s and maximum wind speed of 16m/s.  Generated 
power by a unique wind turbine is represented in figure 
5. 
 

 
Fig. 5. Power profile of unique wind turbine. 
 
Biomass: It is used a gasifier with a nominal power 
capacity of 60 and 100 kW, considering 6 hours of 
operation per day. 
 
Batteries Storage: In order to provide the system with 
certain autonomy, a battery bank of 20 KAh at 48V has 
also been considered to supply the demand in periods 
with low generation of renewable resources. 
 
 
C. User Energy Needs 
 
Profile of the electricity demand for a typical day is 
observed in figure 6, followed by figure 7 which 
represent the disaggregated consumption per final use.  
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Fig.6. Total demand in electricity 
 

 
Fig.7. Disaggregated Demand Uses 
 
As it is represented in the figures above, major electricity 
consumption is due to air conditioning, corresponding to 
the 85% of the global daily demand of the hotel. This 
implies that flexible demand strategies should be 
implemented in this segment to obtain significant results.  
 
D. Optimization Approach 
 
Considering the significant demand in air conditioning 
and the thermal inertia of the building, optimization 
approach in this case study is oriented to reduce the 
electric requirements of this segment during peak 
hours[9,10].  This demand flexibility strategy has been 
implemented in TrnSys, where it has been modeled the 
hotel, its electrical needs and the 50% reduction of the air 
conditioning during two hour in order to analyze the 
effects and important role of flexibility in the 
configuration of a HRES system in isolated areas. 
 
 
4.  Results 
 
This paper shows the results of the Trnsys simulation of a 
renewable hybrid system (wind, biomass and 
photovoltaic generation), including the demand 
participation of a hotel.  
 



 
Fig. 8.  Renewable hybrid model system 

 
Four different scenarios have been evaluated with 
different biomass (60 and 100kW) and solar power 
(17x17 and 34x17 arrays) while maintaining wind power 
constant (10 units of 3,5kW).  In addition, biomass 
generator is switch on when batteries are under its 30% 
nominal power in order to avoid blackouts. 
 

Table 1. Simulated Scenarios 
Scenarios Solar 17x17 Solar 34x17 
Biomass 60kW 1 2 
Biomass 100kW 3 4 
 
Figures 9 and 10, results for scenarios 1 and 4 are shown: 
 

 
Fig. 9.  Results of Scenario 1 

 

 
Fig. 10.  Results of Scenario 4 

 
Table 2 provies the comparative results of the different 
scenarios. 

Table 2. Simulation Results 
Sceneries 1 2 3 4 

Gener. kWh     
Solar 51,888 103,777 51,888 103,777 

Eolic 40,248 40,248 40,248 40,248 

Biomass  329,79
7 

287,092 329,590 288,714 

Biomass ON 
hrs 

12.25 10.03 6.95 5.94 

Battery     
kWh average  603 630 652 655 

Charge >50% 76.5% 78.6% 79.4% 80.6% 

Charge <30% 5.6% 4.4% 3.0% 2.4% 

 
Demand reduction applying flexibility  
 
Demand reduction is only applied to scenario 3 to 
analyze its impact over the global simulation of the 
system, as observed in the following figure: 
 

 

 
Fig. 9.  Results of Scenario 3 applying demand flexibility 
 
Applying demand flexibility strategy over the system 
provides a 9% reduction in hours with load battery below 
30%, without any significant modification in the rest of 
parameters.  
 
Results revealed that demand may contribute 
significantly to increase the efficiency of generation units 
operation, minimize the investment associated to the 
power capacity installed, and enhancing the sustainability 
of the system. 
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