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Abstract. A community solar microgrid presents a promising approach to increase clean 
energy utilisation in urban areas. While this system has been successfully established in 
off-grid rural areas, its adoption in urban areas remains limited. Nonetheless, it holds 
significant potential, particularly for countries that still depend on fossil fuels to produce 
electricity. One of the key challenges in accessing its feasibility is the lack of comprehensive 
measured data due to its limited establishment in urban areas. To address this, this paper 
presents a framework for evaluating the potential of community solar microgrids in urban 
settings using partially measured data. The analysis encompasses both technical and economic 
feasibility, employing a calibrated computational simulation to assess hourly load matching 
and battery sizing. The findings demonstrate the tested site’s potential to meet its electricity 
demand with locally generated solar energy. Additionally, the study explores two different 
community solar microgrid scenarios—one focused on cost minimisation and the other on 
maximising clean energy use. 

1. Introduction

Community solar microgrids offer a promising approach to increasing clean energy utilisation in urban
areas. These systems enable clean energy sharing within a community while providing environmental
and economic benefits. Although community solar microgrids have been successfully implemented in
off-grid rural areas [1], their adoption in urban areas remains limited. Meanwhile, urban areas
consume vast amounts of electricity for transport, industry, building operations and infrastructure [2].
The electricity consumption of buildings in urban areas also tends to be higher than in rural areas [3].
Given these factors, community solar microgrids hold great potential to be implemented in urban
areas, particularly in countries that still rely on fossil fuels to generate electricity.

Community solar microgrids operate by generating solar energy locally, storing it within the 
community, and using blockchain-based management to enable energy sharing [4]. These systems can 
function independently or integrate with utility grids, with a local energy management system (EMS) 
overseeing electricity distribution and storage [5]. The EMS plays a critical role in optimising 
electricity allocation and managing storage capacity to ensure efficient energy use. 

However, the feasibility of community solar microgrids in urban areas differs from rural settings 
due to variations in urban morphology. Factors such as shading and reflection effects due to urban 
form can significantly influence solar energy potential [6]. Additionally, urban areas accommodate 
more diverse building functions, such as office and commercial buildings, which differ from rural 
areas. 

https://creativecommons.org/licenses/by/4.0/
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As urban community solar microgrids are not yet widely established, collecting real-world 
measured data for potential analysis remains a challenge. This study addresses this by combining 
validated software to model and analyse energy performance and use measured data for calibration. 
The objectives are to (1) develop a framework to evaluate the technical and economic viability of solar 
microgrid adoption in urban communities and (2) test it for a real office complex in Jakarta, Indonesia. 

2. Workflow

The framework proposed in this paper provides a data analysis process that evaluates both technical
and economic feasibility. It follows three main steps: (1) calibration of computational simulation
results with measured data, (2) hourly load-matching analysis at the community scale, and (3) battery
sizing and financial assessment for different scenarios. The overall workflow is illustrated in Figure 1.

2.1. Computational Simulation Calibration with Measured Data 
The calibration process covers both energy use and radiation simulations. Measured data was 

recommended to calibrate simulation results to reach acceptable tolerances [7]. Measured data 
collected from a sample building or energy use intensity (EUI) data of a specific building type can be 
used for this calibration [8]. 

The initial parameters for energy simulation were set, including building construction set, 
window-to-wall ratio (WWR), cooling heating system, and programs. The simulation results are 
compared with measured data for calibration. The iterative process may involve adjusting simulation 
parameters to achieve a better fit with the measured data. Once satisfactory simulation settings are 
established and meet the calibration criteria, they are used to simulate a community block. 

The simulation model, including a single building for validation and a community block for 
community solar microgrid testing, was modelled in Rhinoceros as a simplified 3D model. Simulation 
settings include historical weather data in EPW format for energy and radiation simulations. These 
simulations utilise validated software Ladybug Tools, including Ladybug for radiation simulation, 
Honeybee for building energy simulation and Dragonfly for urban energy simulation in combination 
with the EnergyPlus engine [9], [10]. 

Figure 1. Framework for Assessing Urban Community Solar Microgrid Potential using Partially 
Measured Data 

Calibration is assessed using standard statistical methods to verify the accuracy, including the Mean 
Bias Error (MBE) and Coefficient of Variation of Root Mean Square Error (CV(RMSE)) [10]. 
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According to previous studies and ASHRAE (Guideline 14-2014, 2014), the acceptance criteria for 
calibration are MBE 5% and CV(RMSE) 15% for monthly data; MBE 10% and CV(RMSE) 30% for 
Hourly data. These calculations are defined in equations (1-2). 
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 ×  100 (1) 

   (%) =
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where  represents simulated data,  represents measured data, and  is the total amount of data. 

2.2. Hourly Load Matching Analysis 

The community-scale computational energy simulation employs the same tools as the calibration 
process. A combination of Dragonfly and URBANopt allows for multi-building energy simulations 
within a community block [11]. The simulation outputs provide hourly increments of solar radiation 
and energy demand data. These data are essential for conducting a detailed load-matching analysis of 
community solar microgrids. 

2.3. Battery Sizing Scenario 

Following the load-matching analysis, battery sizing is performed under two main scenarios: (1) 
Cost-Minimisation Strategy - This scenario optimises financial efficiency by minimising electricity 
costs, and (2) Resilience Strategy - This scenario maximises the utilisation of clean energy within the 
community. Additionally, the economic viability of battery storage solutions is assessed by calculating 
the capital cost and Net Present Value (NPV) [12]. 

3. Result and Discussion

3.1. Case Study 

An office complex in Jakarta, Indonesia, serves as the case study for testing the modelling framework. 
Figure 2a shows the selected office complex where community solar microgrid testing will be 
performed. Figure 2b shows the buildings from the area where the partial data were collected. 
Building 1 has a PV-integrated roof system where the solar energy generation was collected, and 
building 2 is an office building where the energy demand data was collected. The measured data 
collected from the case study area were monthly energy use and daily PV energy generation. 

a. Satellite View b. Modelled in Rhinoceros 3D

Figure 2. Case Study Area 
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The community scale simulation applied to the whole office complex with the assumption that all
buildings have the same building construction and program. The building energy simulation model
was configured using Dragonfly features to set construction, program, thermal zones (see Figure 3a)
while the solar radiation simulation was applied to both the roof and wall surfaces (see Figure 3b).

The calibration process for energy use simulation is only done once in this case study since this
community consists of only office buildings. Applying this framework for more diverse areas, with
more than one building function, should incorporate energy use calibration to each building function
type. This differentiation on the simulation setting does not apply to the radiation simulation.

a. Building Energy Simulation b. Solar Radiation Simulation

Figure 3. Community Scale Simulation Model

3.2. Simulation Calibration Using Partially Measured Data

Energy simulation calibration incorporates several iterations of the simulation settings. Three iterations
were tested in this case study and compared them to measured data as presented in Figure 4. Adjusting
the occupancy pattern and set point temperature is recommended by previous studies for iterative
refinements [13]. The iteration tested includes:

Option 1: standard cooling setpoint (240C),
Option 2: standard infiltration rate, lower cooling setpoint (0.0001 m3/s per m2 facade) (180C),
Option 3: higher infiltration rate, lower cooling setpoint (0.0004 m3/s per m2 facade) (180C).

Figure 4. Energy Simulation Results Compared To Measured Data

The total result is reliable, even the simulation parameters tested are assumptions, since it matches
with measured data and EUI data. The annual energy use result for Option 3 is 3,302.82 MWh. With a
25,100 m2 building floor area, the EUI calculated is 131.59 kWh/m2/year. This result matches the data
from B2TKE-BPPT where, based on a survey in 2020, the EUI of large office buildings in Jakarta is in
a range between 118.22 - 192.53 kWh/m2/year [14].

The statistical result for option 3 shows MBE is 0.48% and CV(RMSE) is 3.86%. This calibration
mainly focuses exclusively on the predicted simulation result and does not consider uncertainties or
inaccuracies in input parameters or the precision of the simulated environment.

The PV energy generation potential is calculated based on the solar irradiation result from the
simulation combined with PV module specification data and system losses. The simulation result
compared to measured data shows statistical results of MBE is 1.56% and CV(RMSE) is 10.90%.
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3.3. Hourly Load Matching 
Load-matching analysis assesses the alignment between locally generated solar energy and 

community energy demand. The hourly electricity load reveals how energy demand fluctuates across 
different days and times. In office buildings, demand typically peaks during working hours. Similarly, 
hourly PV energy generation indicates the potential of various building surfaces to produce solar 
energy. Urban morphology factors, such as building proximities and average building height within a 
community block may affect PV energy generation [6]. This study highlights that while energy 
demand is primarily influenced by building function, solar energy generation is more affected by 
urban form. A load-matching assessment is essential to evaluate the balance between these two 
factors. 

The simulation results for a community-scale office complex indicate that energy demand exceeds 
its solar energy potential, as shown in Figure 5. However, some excess PV energy is generated during 
the day on weekends. This surplus could be stored in a battery system and discharged when demand is 
higher. However, determining the appropriate battery capacity requires careful economic assessment. 

Figure 5. Hourly Load Matching of Case Study Area - Office Complex 

This framework can also perform individual building checks on annual energy consumption and 
PV energy potential, showing each building's capability to provide solar energy to meet its energy 
needs. 

3.4. Battery Sizing Scenarios for Urban Community Solar Microgrids 
Battery sizing analysis and NPV can show the economic feasibility for different types of strategy. For 
tested case study, no battery storage is recommended in the minimising-cost strategy. Which 
potentially caused by cheap electricity prices in Indonesia, thus having a battery storage categorised as 
not cost effective. Additionally in the resilience strategy with 6 hours power outage annually, the NPV 
seems not feasible which shows negative value after 25 years (see Table 1). 

Table 1. Battery Sizing Scenario 

Focus Strategy PV Sizing (kW) 
Optimal Battery

Power (kW) 
Optimal Battery 
Capacity (kWh) 

NPV ($) 

Cost 2,240 0 0 304,891 

Resilience 2,240 1,534 7,014 -$3,415,390 

4. Conclusion

This paper presents a framework to assess the potential of community solar microgrids in urban
settings using partially measured data. This framework may benefit the community solar microgrid
potential analysis in areas where complete measured data is challenging to obtain. The testing data
uses many assumptions since there is no observation on scheduling and occupant behaviour, which
may lead to less accuracy on hourly load-matching data. Future research that compares the simulation
with more detailed period-measured data, hourly or 15-minute intervals data may result in better
accuracy.
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