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Part 0 – What do we need?

Electricity access in the region
Village With Electricity Without 

Electricity

Arenal de San 
Rafael

217 20

Las Camelias de 
San Carlos

38 9

Las Florida de San 
Carlos

120 14

Total 375 43

Percentage 89.7% 10.3%
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Part 0 – What do we need?

Energy for cooking
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Part 0 – What do we need?

Electricity demands

Domestic electricity demands
Notes from first survey, 10 households

• 2,3 person per household
• 8 out of 10 households use washing machine for 1.8 days/week and 2.6 h/day 
• every house use 1 refrigerator 7 h/day 
• average of 12 LED bulbs in 8 houses and an average of 5.25 h/day 
• 4 households with electric oven, less than 1h/day (0.85 kwh)
• 8 houses with blender, being used 5 day per week, less of 1 h/day

• Average demand: 153kWh/month per household
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Part 0 – What do we need?

Electricity demands

Domestic electricity demands
Notes from first survey, 10 households

• Average demand: 153kWh/month per household

• Seasonal pattern

Months Avg. Consumption (kWh/3 
months) Avg. Consumption (kWh/day)

28 Aug – 30 Nov 536 5,95
30 Nov – 26 Feb 461 5,12
26 Feb – 27 May 496 5,51
27 May – 29 Aug 398 4,42

Yearly consumption 1891 kWh/a 5,2 kWh/day
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Part 0 – What do we need?

Electricity demands

Domestic electricity demands
Notes from first survey, 10 households

Period Peak load (kW)
1 0.38

2 0.32

3 0.35

4 0.28
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Part 0 – What do we need?

Electricity demands

Domestic electricity demands
- Relatively high base loads
- Relatively low Seasonal variability 

Period Peak load (kW)
1 0.38

2 0.32

3 0.35

4 0.28
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Part I – First potential analysis

What are ABMs?

• Simulation model
• Emulate actions and interactions of autonomous 

agents
• Agents: individual or collective entities, people or 

technologies

• Aim: understand the behavior of a system and what 
governs its outcomes. 

Source: Crooks and Heppenstall. 2012

Source: Pu 2016
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Part I – First potential analysis

How realistic is a decentralized 
implementation? 

Main input data

Model structure
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Part I – First potential analysis

How realistic is a decentralized 
implementation? 

Main input data

Model limits and assumptions
- Ideal battery storage (energy balancing) 

without costs
- LCOEs for hydro and PV rather low
- No business model considered
- No distinction on CAPEX & OPEX 
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Part I – First potential analysis

How realistic is a decentralized implementation?
Behaviour of the basic model

Substitution 
of the grid supply

Seasonality in 
hydro production

Seasonality 
in excess electricity 
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Part I – First potential analysis

Sensitivity analysis

Influence of LCOE of SH and PV on the number of adopting housholds
Base case: PVLCOE =11 $/kWh; SHLCOE=0,045 $/kWh
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Part II – First potential analysis

Technical potential for hybrid PV and hydro mini-grid

Input data for different scenarios

Component CAPEX OPEX 
(% of CAPEX 
over 20 years)

PV 1000 – 3000 $/kWp 15

Small hydro 1000 – 5000 $/kW 2%

Battery 2000 – 3000 $/kWh 20%

• Higher peak loads
• Low rainfall / hydro potential
• 100% RE powered – or grid-supported (% of total demand) 
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Part II – First potential analysis

Technical potential for hybrid PV and hydro mini-grid

Case 1 -  Grid supported, with batteries
High base loads!!!
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Part II – First potential analysis

Technical potential for hybrid PV and hydro mini-grid

Case 1 -  Grid supported, with batteries
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Part II – First potential analysis

Technical potential for hybrid PV and hydro mini-grid

Case 1 -  Grid supported, with batteries
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Part II – First potential analysis

Technical potential for hybrid PV and hydro mini-grid

Case 1 -  Grid supported, WITHOUT batteries
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Part II – First potential analysis

Technical potential for hybrid PV and hydro mini-grid

Case 1 -  Grid supported, WITHOUT batteries
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Part II – First potential analysis

Technical potential for hybrid PV and hydro mini-grid

Case 1 -  Grid supported
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Part II – First potential analysis

Technical potential for hybrid PV and hydro mini-grid, 100% RE Supply

Case 2 -  Blackout, 
grid Unsupported
- High autarky
- PV for daily peaks
- Hydro for base load
- High excess energy!!
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Part III – The challenges

Vulnerability analysis

Case: grid connected, hydro for base load, inverters in 
island mode, paralell grid

Resources: 
- Low vulnerability due to island inverters 

and high community ownership of the 
hydro generators

Demands: 
- Under blackout high risk of unmet peak 

loads
- Rather low capacity of changing htem if 

related to refrigeration!

Energy supply chain
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