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Abstract 

The main purpose of the study was to develop cost effective mini-grid model for clean energy 

access and productive use by Small to Medium Size Enterprises (SMEs) in Mashonaland 

West Province, Zimbabwe. However, to develop cost effective minigrid model the energy 

demand analysis was carried out through compilation of power ratings and consumption 

patterns gathered from data collected from the sample 140 SMEs in Mashonaland West 

Province through interviews and administered questionnaires. The load data provided 

detailed information about the equipment, tools and appliances used or planned for use by the 

SMEs: their number, nominal power, and the hours of the day they are in operation and at 

roughly what percentage of demand on a typical 24-hour day. The model development used 

in this study, for simulating the performance of the PV-Diesel Generator-Battery power 

supply system, is an improvement of an earlier model by Hove (2012). The main 

improvements of the present model, over the earlier model, include; the use of normalized 

power Po, which was used by Kavu and Hove, (2020) to size the PV array instead of the 

normalized area Ao used in the earlier version. The model makes an hourly-hour audit of the 

energy flows in the system, taking into account the variability of the load; the environmental 

driving forces (solar radiation and ambient temperature) and the battery state of charge. 

Different hourly performance characteristics of the power supply system can be calculated by 

the model, such as the PV generator energy output; the hourly battery energy gain (charge or 

discharge); the hourly solar contribution to the load; the fraction of the battery charge life 

spent in the hour in question; and other performance characteristics which include the diesel 

generator power supply. Demand data collected was presented in tabular format. With diesel 

generator and grid as base system, NPV was used to appraise the viability of the hybrid mini-

grid solution (solar-battery-diesel). Reliability was calculated for the system as either partial 

or full reliability. 
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Introduction and Background to the Study 

Experience in electricity access-deficit countries over the past five decades has shown that 

the main grid is typically unreliable (ESMAP, 2019). Across Sub-Saharan Africa, more than 

half of households connected to the main grid reported receiving electricity less than half of 

the time (Blimpo & Cosgrove-Davies 2019). It was also established that in most electricity 

access-deficit countries, the main grid usually provides only Tier 3 or Tier 4 electricity 

(ESMAP, 2019). The major cause for unreliability in the region is the challenges with the 

national transmission and distribution networks which is further exacerbated with limited 

generation capacity (Hivos, 2010). Given the region’s size and commonly very low 

population concentrations, the vast distances between rural economic hubs in many countries 

prove to be extortionately expensive to connect to centralised systems (Bhattacharyya, 2018; 

Deshmukh et al., 2013; Kempener et al., 2015). Decentralised generation through mini-grids 

can therefore play the bridging gape between the central grid and reliable energy access. 

 Renewable energy mini-grids use technology to harness energy from solar, hydro, 

biogas, biomass, wind and/or hybrid sources (with the latter able to involve storage or diesel 

plants, for example). Their capacities range from under 1 kilowatt (kW) to up to 10 

megawatts (MW),according to the International Renewable Energy Agency (IRENA, 2018). 

Mini-grids can be classified basing on technology or source of energy; for example solar, 

hydro, biomass, geothermal, wind and fossil fuels or hybrid systems (ADB, 2017; Howell 

et.al, 2016. Mini-grids are designed to meet specific needs of the specific communities in 

different locations thus can be cost effective when compared to grid extensions which have to 

adhere to same standards worldwide (ADB, 2017; Burger, 2019; Moner-Girona, Bódis, et al., 

2016).  

 Designs of mini-grids are anchored on the fact that, there is need to ensure 

availability, affordability and reliability of the electricity supply to particular load 

centres(Cox et al., 2016; Howells, M. I., Alfstad, T., Victor, D. G, Goldsteinc, G. Remme, 

2016; World Bank, 2016). To cut on cost and ensure affordability, mini-grids are usually 

supplied from locally available energy sources (Alam & Bhattacharyya, 2016; Mariaud, 

Ekins-Daukes, et al., 2017; Ouedraogo, 2017; Hassan et al., 2017a, 2017b). Renewable 

energy off-grid systems commonly used in Zimbabwe are the solar home systems which 

serve individual household (Howells,Goldsteinc, Remme, 2016; Muzezewa & Murove, 2017; 

UNICEF Zimbabwe, 2016). These are usually used for lighting and entertainment and not for 

inductive loads due to limited storage and capacity of systems. For productive use of energy 

in SMEs, mini-grids become relevant to ensure required capacity for inductive loads usually 

used in industries ( Hove, 2012). 

 The guiding principles for the design of mini-grid systems should be that they be safe, 

adequate, expandable, and efficient. Systems are safe if they present no greater hazard to the 

public than standard urban grid-based systems. This can be achieved by ensuring that they are 

designed in compliance with the spirit of any electrical codes or standards in use in the 
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country (IEA, 2016). The word "spirit" is critical here because accepted standards are 

sometimes designed for conditions not found in rural areas where mini- grids might be found. 

For example, to reduce cost and thereby increase accessibility to electricity in rural areas, 

small conductors may be recommended as appropriate where loads will not, in the 

foreseeable future, even approach those found in urban areas (IEA, 2016). But the same 

conductor might be deemed unsafe according to the codes adhered to in an urban 

environment because increased current demand there could lead to a fire hazard. In such 

cases, blindly abiding by these standards makes electrification unnecessarily more expensive 

and less accessible to rural populations (ESMAP, 2000). 

 Reliable access to electricity still remains a challenge in many regions in the Global 

South (IEA, 2017). Advancing renewable energy technologies and storage systems open up 

novel perspectives for decentralized supply structures of electricity. As a consequence, new 

planning methods are required to account for innovative solutions comparing existing 

electrification options (Khalilpour & Vassallo, 2016). Conventional options of providing 

electricity access based on central power generation and the extension of large transmission 

grids need to be reconsidered taking into account alternative electrification pathways for 

regions where access to electricity is still lacking or is insufficient. Such alternatives are 

represented by hybrid mini-grids which can combine different power generation and storage 

technologies to efficiently supply local loads (IRENA, 2019). The increased options and 

complexity of rural electrification underline the need of sophisticated planning tools to 

determine the techno-economic optimized electrification pathway. Only few tools exist for 

this target and their application is quite rare (Mariaud, Acha, Ekins-Daukes, et al., 2017).  

 Practical Action Zimbabwe has developed a number of hydro and solar mini-grids in 

Zimbabwe from donor funds. These include the popular 99kW Mashaba solar mini-grid in 

Gwanda, southern part of Zimbabwe and Chipendeke mini-hydropower system in 

Manicaland (Practical Action Consulting Zimbabwe, 2012; Magrath, 2015). A market 

analysis by Practical Action, Zimbabwe 2012, concluded that for many of the people and 

communities living in isolated areas of the country, mini-grids represent the most cost-

effective way to provide clean reliable energy for basic household, institutional and 

productive uses. Though Zimbabwe has a lot of potential for mini-grids especially the off-

grid systems powered from different natural resources like, hydro, wind, solar and biomass, 

there seem to be low appetite for the area by developers. More than 60% of Zimbabwe’s 

population live in rural areas where the electrification rate is only around 19% (Zimstat, 

2012). However, most power project developers tend to favour the big grid connected 

systems as depicted by the number of licensees by the Zimbabwe Energy Regulatory 

Authorities as compared to non-for mini-grid systems (ZERA, 2018). However, there is 

dearth of literature on the development of cost effective minigrid development for 

sustainability of SMEs in Zimbabwe which this study sought to address. 

 

Statement of the Problem 

Clean energy access for sustainable and productive use as hoped by Sustainable Development 

Goals (SDG) especially SDG 1 (end of poverty), SDG 7 (improve access to clean energy and 

energy efficiency), SDG 9 (improve sustainable industrialisation and fostering innovation) 

and SDG 13 (taking urgent action on climate change mitigation) all of which are not easily 

realised. This has led to deforestation and land degradation thus defeating the purpose of 

sustainable development. Diesel powered mini-grid systems have been commonly used in 

remote areas mainly for lighting and productive use like water pumping and powering small 
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engines and other tools of trade in the small manufacturing industries in Africa and other 

developing countries. These systems however, lake sustainability in that they pollute the air 

and add to greenhouse gas emissions in the atmosphere and at the same time incur high cost 

of operation and maintenance. However, little has been done on the development of cost 

effective minigrid development for sustainability of SMEs in Zimbabwe which this study 

sought to address. 

 

Objectives 

1. To design a cost-effective renewable energy mini-grid model to supply energy for 

productive use in SMEs in Mashonaland West Province, Zimbabwe. 

 

Theoretical framework 

The study was anchored on Technological Acceptance Model (TAM). Davis, (1989) 

developed the TAM to identify the factors that cause technology and system failures. The 

theory proposed that two factors that is perceived ease of use (PEOU) and perceived 

usefulness (PU) to explain the motivation of users. The aforementioned two factors are 

considered important that influence Attitudes (ATT) of users and eventually, Behavioral 

intention (BI) that determine the actual system use. In many studies, the original TAM has 

been extended to investigate the effects of external variables on internal beliefs, attitudes, and 

BIs. The technology acceptance behaviour is explained by several models, including the 

theory of reasoned action (TRA) (Ajzen & Fishbein, 1975), TAM (Davis, 1989), the 

technology acceptance model 2 (TAM 2) (Venkatesh & Davis, 2000), Technology 

Acceptance Model 3 (TAM 3) (Venkatesh & Bala, 2008) and the UTAUT (Venkatesh, 

Morris, Davis, & Davis, 2003).In this study TAM is used to implore on level of acceptance of 

renewable energy mini-grids for supply of electricity for SMEs in Mashonaland West 

Province of Zimbabwe. 

 

Methodology 

Data collected on electricity demand for manufacturing SMEs in Mashonaland West 

Province was used to plot a demand profile through the use of an excel based demand matrix. 

The daily demand profile for SMEs together with, hourly solar radiation data from the 

Typical Meteorological Year (TMY) were used as inputs to the excel based model for the 

design of the cost effective mini-grid for manufacturing SMEs in Mashonaland West 

Province. 

 

Review of Related Literature 

2.Cost effective mini-grid model development for clean energy access and productive use by 

SMEs in Mashonaland West Province, Zimbabwe. 

 

Mostly, mini-grids provide electricity at a higher levelised cost than a main T&D network 

system. Mini-grids tend to rely on modular generation technologies like solar PV, wind 

turbines, small-scale hydropower and diesel generators. Like any grid, mini-grids need a 

stable flow of power to function properly and they often use either a small diesel generator or 

(increasingly) battery systems for back-up. Mini-grids require a certain demand threshold to 

justify the initial investment in the network, and therefore benefit from sizeable anchor loads 

such as public services or industrial and commercial facilities. Mini-grids can be scaled up in 

line with rising demand, and eventually be connected to a main T&D network, though mini-
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grid developers may choose not to invest in more expensive equipment that is required to 

meet the main T&D system standards if connection to the main grid is not foreseen. Mini-

grids that are not compatible with main T&D networks can become stranded assets if the 

main grid is extended to the area. 

The guiding principles for the design of mini-grid systems should be that they be safe, 

adequate, expandable, and efficient. Systems are safe if they present no greater hazard to the 

public than standard urban grid-based systems. This can be achieved by ensuring that they are 

designed in compliance with the spirit of any electrical codes or standards in use in the 

country (IEA, 2016). The word "spirit" is critical here because accepted standards are 

sometimes designed for conditions not found in rural areas where mini- grids might be found. 

For example, to reduce cost and thereby increase accessibility to electricity in rural areas, 

small conductors may be recommended as appropriate where loads will not, in the 

foreseeable future, even approach those found in urban areas (IEA, 2016a). But the same 

conductor might be deemed unsafe according to the codes adhered to in an urban 

environment because increased current demand there could lead to a fire hazard. In such 

cases, blindly abiding by these standards makes electrification unnecessarily more expensive 

and less accessible to rural populations (ESMAP, 2000).. 

 

Results and Discussion 

Renewable Energy Mini-grid model design outputs 

Following the data analysis indicating that SMEs in Mashonaland West Province of 

Zimbabwe prefer solar based renewable energy mini-grids for supply of electricity for 

productive use, an excel based design model was developed. Data collected on electricity 

demand for manufacturing SMEs in Mashonaland West Province was used to plot a demand 

profile through the use of an excel based demand matrix. The daily demand profile for SMEs 

together with, hourly solar radiation data from the Typical Meteorological Year (TMY) were 

used as inputs to the excel based model for the design of the cost effective mini-grid for 

manufacturing SMEs in Mashonaland West Province.  

 

Energy Demand Analysis 

The energy demand analysis was carried out through compilation of power ratings and 

consumption patterns gathered from data collected from the sample SMEs through 

questionnaires. The load data provides detailed information about the equipment, tools and 

appliances used or planned for use by the SMEs: their number, nominal power, and the hours 

of the day they are in operation and at roughly what percentage of demand on a typical 24-

hour day. The first column shows the code number of the appliance followed by the appliance 

and the quantity of appliances. The power rating in watts is shown in the next column while 

the last column shows the total power obtained by multiplying the appliance number by the 

power rating of each appliance and can be treated as an NA *1 matrix where NA is the 

number of appliances as shown in the table below. 
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Table 1.1: Appliances 

Call 

# Equipment Quantity Power Rating (W) Total Power (W) 

A Energy saver lights 10 20 200 

B electric stove 4 2000 8000 

C Security flood Lights 5 30 150 

D Fluorescent lights 10 20 200 

E Drilling machine 1 1200 1200 

F Circular saw 1 1200 1200 

G grinding mill 3 2200 6600 

H welding machine 1 1100 1100 

I compressor 1 300 300 

J freezer 2 300 600 

K table saw 1 1800 1800 

L peanut butter maker 2 1200 2400 

M oil press 2 1200 2400 

N Water pump 2 1200 2400 

O planner 1 1800 1800 

P jointer 2 1800 3600 

Source: Survey (2021)  

 

Appliance Usage Matrix 

An appliance usage matrix, is a method convenient for the computation of the appliance 

energy demand data. It shows the time of the day and the appliance or equipment in use for 

each hour and percentage of demand. This represents a 24* NA matrix which when 

multiplied by the NA *1 matrix give a 1*24 matrix that represents the load as shown in table 

below. 
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Table 1.2 Appliance Usage Matrix 

Time (hours) Power (W) Prob % 

1 2300 0.005434 

2 2300 0.005434 

3 2300 0.005434 

4 2300 0.005434 

5 5530 0.013066 

6 33950 0.080215 

7 33720 0.079671 

8 32780 0.07745 

9 33100 0.078206 

10 33430 0.078986 

11 32230 0.076151 

12 23010 0.054366 

13 21180 0.050043 

14 28990 0.068495 

15 30360 0.071732 

16 27680 0.0654 

17 24360 0.057556 

18 24280 0.057367 

19 14550 0.034378 

20 9310 0.021997 

21 2290 0.005411 

22 1210 0.002859 

23 1040 0.002457 

24 1040 0.002457 

Total Daily Consumption  

(Wh) 423240 1 

Source: Survey (2021) 

 

Load Profile 

The load profile is normalized to follow a typical industrial profile for standardisation of 

results. This standardized profile will render results of this study re-usable for optimisation of 

other similar load profile shape no matter the size of daily load. The resulting load profile 

was plotted to show how the daily load for the SMEs in Mashonaland West is distributed. 

This load profile guided the sizing of the generator and the storage of the system. 
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Figure 1.1 SMEs load Profile 

Source: Survey (2021) 

 

Sizing of system components 

The system is supposed to operate with solar, diesel generator and battery storage, and should 

be able to supply power even during cloudy periods, therefore the battery and diesel 

generator should be able to cater for the load when solar generator is not able to supply 

enough. There is therefore a minimum battery size to cater for the worst case when 

environmental conditions are not favorable and in the following section sizing of the battery 

is done.  

 

The Study Model of the PV-Battery Power Supply System Performance Simulation 

The model used in this study, for simulating the performance of the PV-Diesel Generator-

Battery power supply system, is an improvement of an earlier model by Hove (2012). The 

main improvements of the present model, over the earlier model, include; the use of 

normalized power Po, which was used by Kavu and Hove, (2020) to size the PV array instead 

of the normalized area Ao used in the earlier version. The model makes an hourly-hour audit 

of the energy flows in the system, taking into account the variability of the load; the 

environmental driving forces (solar radiation and ambient temperature) and the battery state 

of charge. Different hourly performance characteristics of the power supply system can be 

calculated by the model, such as the PV generator energy output; the hourly battery energy 

gain (charge or discharge); the hourly solar contribution to the load; the fraction of the battery 

charge life spent in the hour in question; and other performance characteristics which include 

the diesel generator power supply. The salient features of the model are outlined in the 

following sections. 

 

Determination of the Photovoltaic Generator Output  

The hourly energy output from the PV generator of given power rating, Prated, is given by:  

      Equation 3.1  

In Equation (3.1),  is the efficiency of the PV generator, which can be expressed as a 

function of the hourly solar irradiation incident on the PV array, (kWh/m2), and the 

ambient temperature, Ta, as well as the test parameters of the PV generator at Standard and 

Nominal Cell Operating Temperature (NOCT) conditions. The expression for ηPV derived by 

Hove, (2000) was used: 
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  Equation 3.2  

ηr is the PV generator efficiency measured at reference cell temperature, Tr, under Standard 

test conditions (250C). β is a temperature coefficient for cell efficiency (typically 0.004 to 

0.005/0C), IPV, NOCT is the average hourly solar irradiation incident on the array at Nominal 

Operating Cell Temperature (NOCT) test conditions (0.8 kWh/m2), Tc,NOCT (typically 45oC), 

Ta,NOCT (20oC), are respectively, the cell and ambient temperatures at NOCT test conditions. 

The hourly solar irradiation incident on the PV array is a function of time of day, expressed 

by the hour angle; the day of the year; the tilt and azimuth angle of the PV array; the location 

of the PV array site as expressed by the latitude; as well as the hourly global solar irradiation 

and its diffuse fraction. The actual expression depends on the “sky model” (a mathematical 

representation of the distribution of diffuse radiation over the sky dome) preferred. In this 

study, the simplified isotropic diffuse formula suggested by Collares-Pereira and Rabl (1979) 

was used because it can be applied with a simple data set that is easily obtainable for 

Zimbabwe and other developing countries. 

IPV = (Ih-Id) Rb + Id        Equation 3.3   

It was calculated using a standard formula from solar geometry literature (Duffie & 

Beckman, 2013; Tawanda Hove, 2012; Tawanda Hove & Tazvinga, 2012) In Equation (3), Ih 

and Id are the hourly global and diffuse irradiation in W/m2. Rb is the geometric factor 

representing the ratio of beam irradiance incident on a tilted plane to that incident on 

horizontal plane. 

Hourly average meteorological data, global irradiation, diffuse irradiation and ambient 

temperature were used as inputs in evaluating Equations (3.1), (3.2) and (3.3) of the 

performance of the simulation model for the whole year. The evaluation was performed at the 

mid-point of each hour of the day, on every day of each month.  

 

Battery Energy  

The battery is charged by the PV generator and is discharged to make good supply deficit by 

the PV generators. The hourly battery charge or discharge depends on the size of the hourly 

load, Lo, relative to PV- generated (PPV) power, and the battery state of charge. The diesel 

generator will only come in when the load is larger than energy stored in the battery and no 

solar available.  

 

Battery Charge 

The battery charges under three conditions: (a) if the PV output is greater than the load and if 

there is space in the battery to take up the charge (when the battery is not full), (b) if the DG 

is on with the total power from PV and DG is greater than the load while the battery has 

space to take the charge and, (c) if the grid is on, leading to the total power from all power 

sources larger than the load and the battery has space to take up the charge.  The actual 

battery charge, Bcharge is the minimum between the excess energy that is available and was not 

used by the load, and the battery space available, and the maximum charge rate of the battery. 

The grid power will only come in when the solar system is faulty, so to save the diesel 

generator fuel consumption, then the grid can come in. 

Maximum charging power = Battery capacity/minimum charging hours. 

Battery space = Battery Capacity-Battery state 

Excess power = PV power (Ppv) plus DG power –Load (L)/Inverter efficiency (ηinv) 
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Therefore,            

 

       Equation 3.4 

     

Equation 3.5 

        Equation 3.6  

And the battery discharges if the PV, DG and GRID output is less than the load and there is 

charge in the battery to cover for the deficit. It is given by; 

        Equation 3.7 

The amount of battery discharge is limited, by the charge regulator, to the maximum 

allowable rate of discharge. DODmax = maximum allowable depth of discharge. 

 

Solar Fraction 

The hourly solar fraction - the fraction of the hourly load contributed by solar energy- is 

calculated as follows: The hourly energy contributed to the load by solar energy, Ls, is the 

sum of the PV hourly output and the battery discharge attributable to solar energy, Bgain-PV.  

The daily solar contribution to the load is the sum of the hourly contributions, and the daily 

solar fraction is the ratio of the daily solar contribution to the daily load. The monthly solar 

fraction is equal to the daily solar fraction for the average day, and the annual solar fraction is 

the weighted average (according to number of days in each month) of the monthly solar 

fractions. 

Optimisation models of solar mini-grid systems 

 The optimisation of PV- diesel-battery mini-grid systems was done by minimizing the 

levelised cost of energy (LCOE) (LCOE: total cost of the entire power system divided by the 

energy supplied by the PV—diesel-battery system). This study optimised the PV-battery-

diesel system based on LCOE and applied the restrictions for reliability as unmet load (UL) 

or loss of load fraction (LLF).  UL is defined as non-served load divided by the total load of a 

period of time (normally one year) (Bernal-Agustín & Dufo-López, 2009) (IEA, 2017b). The 

term used in this study for the reliability restriction is loss of load fraction (LLF) (Kempener 

et al., 2015). Net Present Value (NPV) or cumulative Present Cost values were used to 

determine payback period for the project. 
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The demand profile is shown in Figure 1.2. 

 

Figure 1.1: Daily Demand Profile for manufacturing SMEs in Mashonaland West Province 

Source: Survey (2021) 

The manufacturing sector demand profile indicates that the demand peaks in the morning, 

drops a bit during lunch time and peaks again after lunch. The electricity demand falls to a 

minimum at night. This implies that there are no night shifts for SMEs in Mashonaland West 

Province. As a result, for the SMEs connected to the national grid they are most likely to be 

affected with load shedding during peak periods of the day because of the prevailing supply 

shortage in the country (EEP Africa 2018). 

 

Solar resource for Mashonaland West Province 

The Typical Meteorological Year (TMY) data for Chinhoyi as the Capital City for 

Mashonaland West was downloaded freely from 

https://re.jrc.ec.europa.eu/pvg_tools/en/#TMY. This is a European Commission managed 

satellite based ten (10) year weather data platform which can be used freely for academic and 

other studies. However, if time and resources permit, a two-year ground measured data can 

be used for more accuracy. The yearly distribution of solar radiation collected on a tilted solar 

panel is shown in Figure 1.2. 

 

https://re.jrc.ec.europa.eu/pvg_tools/en/#TMY
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Figure 1.3: Irradiation received on a tilted plan for the year (TMY) 

Source: Survey (2021) 

 

The graph shows that Mashonaland West Province of Zimbabwe receives a high irradiation 

evenly distributed throughout the year. The amount and distribution of irradiation collected 

on a tilted plane is an incentive for deployment of solar based mini-grids in the Mashonaland 

West Province of Zimbabwe. Through the use of the Collares-Pereira & Rabl (1979) tilted 

plane model, the irradiation collected on a tilted plane at a given angle in this case equal to 

the place’s latitude can be evaluated at hourly intervals for the year (Hove and Chipfunhu 

2006). (Kamali, Moradi, and Khalili 2006; Notton, Paoli, and Diaf 2013; Padovan et al. 2014) 

also used the Collares-Pereira and Rabl, sky model of 1979 to calculate collectable irradiation 

on a tilted plate (Babatunde 2012; Munawwar 2006; Padovan et al. 2014; Sizmann, Kopke, 

and Busen 1991).  

 

 
Figure 1.4: Daily distribution of hourly irradiation at Chinhoyi 

From the irradiation data downloaded for Chinhoyi Typical Meteorological Year (TMY), the 

day’s hourly irradiation has the shape shown in Figure 1.5 The irradiation peaks at mid-day 
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and drops in the evening and starts low in the morning just as the sun changes position (Kavu, 

Mashungu, Kajongwe & Chigerwe 2020). 

 

 

 
Figure 1.5: simulation of a clear day 

Source: Survey (2021) 

An extracted section of the design model’s simulation is shown in Figure 1.5 representing the 

balance of systems on a typical clear day. The Ppv is the power generated by the installed 

solar photovoltaic collector, the power is used to serve the load, and charging of the battery 

bank. The remainder of the PV generated power is dumped for extra loads like solar pumps 

which can use direct connection for Direct Current (DC) power (Khalilpour and Vassallo, 

2016). 

Economics of the solar design model 

 

 
Figure 1.6: Cumulative Present Value (NPV) 

Source: Survey (2021) 

The economic appraisal of the solar off-grid simulation model was done and the graph of 

cumulative present value (Net Present Value) is shown in Figure 1.6. The cumulative present 

value graph shows that the break-even point of the project is reached within 5 years and can 

have a total life span of 25 years. This makes the model worthwhile to adopt for design of 

cost effective solar mini-grid for productive use by SMEs in Mashonaland West Province of 

Zimbabwe. The use of this locally developed design model gives room for adjustment to suite 
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the local needs unlike the imported design packages that are done mainly for those locations 

(Contejean and Verin 2017). 

 

Table 1.1: Computation of Levelised Cost of Energy (LCOE) 
COSTS

Year CAPITAL +MAINTENANCE+REPLACEMENTFUEL GRID ENERGYPV exported(annual)net import TOTAL DF PV

0 256373 0 0 0 0 256373 1 256373.045

1 9245 0 0 1124.23082 0 9245 0.995025 9199.004975

2 9245 0 0 1124.23082 0 9245 0.990075 9153.238781

3 9245 0 0 1124.23082 0 9245 0.985149 9107.70028

4 9245 0 0 1124.23082 0 9245 0.980248 9062.388338

5 9245 0 0 1124.23082 0 9245 0.975371 9017.301829

6 9245 0 0 1124.23082 0 9245 0.970518 8972.439631

7 95245 0 0 1124.23082 0 95245 0.96569 91977.10879

8 9245 0 0 1124.23082 0 9245 0.960885 8883.383709

9 9245 0 0 1124.23082 0 9245 0.956105 8839.18777

10 9245 0 0 1124.23082 0 9245 0.951348 8795.211712

11 9245 0 0 1124.23082 0 9245 0.946615 8751.45444

12 9245 0 0 1124.23082 0 9245 0.941905 8707.914865

13 9245 0 0 1124.23082 0 9245 0.937219 8664.591906

14 95245 0 0 1124.23082 0 95245 0.932556 88821.34014

15 9245 0 0 1124.23082 0 9245 0.927917 8578.591526

16 9245 0 0 1124.23082 0 9245 0.9233 8535.911966

17 9245 0 0 1124.23082 0 9245 0.918707 8493.444742

18 9245 0 0 1124.23082 0 9245 0.914136 8451.188798

19 9245 0 0 1124.23082 0 9245 0.909588 8409.143083

20 9245 0 0 1124.23082 0 9245 0.905063 8367.30655

21 95245 0 0 1124.23082 0 95245 0.90056 85773.84708

22 9245 0 0 1124.23082 0 9245 0.89608 8284.256875

23 9245 0 0 1124.23082 0 9245 0.891622 8243.041666

24 9245 0 0 1124.23082 0 9245 0.887186 8202.031509

25 9245 0 0 1124.23082 0 9245 0.882772 8161.225382

Total Capital Cost 713825.3013

CAPITAL RECOVERY FACTOR 0.042652

 ANNUAL COST 30445.97 $

ANNUAL ENERGY PRODUCED 80533.13 kWh

LCOE 0.378055 $/kWh 
Source: Computation (2021) 

 

Upon application of prevailing market costs, the Levelised Cost of Energy of the Mini-grid 

design was computed as in Table 1.1. The LCOE of 0.37USc/kWh was found which is a 

moderate tariff for mini-grids in developing countries given that the countries like Zimbabwe 

cannot afford subsidies and have limited access to cheap or concessional funds for mini-grid 

deployment (Moner-girona et al. 2018). The Excel based simulation model was used to 

design the mini-grid which is cost effective to deliver energy for productive use by SMEs in 

Mashonaland West Province. The Table 1.2 shows a snapshot of the excel based design 

model.  
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Table 1.2: Excel based mini-grid simulation model  

hour angle(ꙍ)declination angle (ꝺ)Cosθz θz cosθ Rb[cosθ/cosθz]Ib ih-id Ipv/Icoll Load, L[wh/h]PV_EFFICIENCY Ppv Bstate SOC Bcharge, PVBdischargeBcharge, GRIDBcharge,DGBcharge, TOTALGRID DG ON/OFFGRID POWERPV dumpedSolar contribution to loadGrid contributionDG_POWER%load met load met

-2.87979 -0.40163 -0.66429 2.297343934 -0.91975 1.384555 0 0 0 2300 0.163456 0 301000 0.7 0 215000 0.00 0.00 0.00 0.00 OFF 0.00 0 0 0 0 100.000% 2300

-2.61799 -0.40163 -0.58352 2.193851109 -0.82815 1.419234 0 0 0 2300 0.1635712 0 86000 0.2 0 0 0.00 0.00 0.00 0.00 OFF 0.00 0 0 0 0 0.000% 0

-2.35619 -0.40163 -0.45503 2.043196849 -0.68243 1.49977 0 0 0 2300 0.1636864 0 86000 0.2 0 0 0.00 0.00 0.00 0.00 OFF 0.00 0 0 0 0 0.000% 0

-2.0944 -0.40163 -0.28757 1.862484265 -0.49253 1.712743 0 0 0 2300 0.1637944 0 86000 0.2 0 0 0.00 0.00 0.00 0.00 OFF 0.00 0 0 0 0 0.000% 0

-1.8326 -0.40163 -0.09256 1.663491723 -0.27139 2.931936 0 0 0 5530 0.1639096 0 86000 0.2 0 0 0.00 0.00 0.00 0.00 OFF 0.00 0 0 0 0 0.000% 0

-1.5708 -0.40163 0.116705 1.453824651 -0.03407 -0.29194 5.25173 56 0 33950 0.1640248 0 86000 0.2 0 0 0.00 0.00 0.00 0.00 OFF 0.00 0 0 0 0 0.000% 0

-1.309 -0.40163 0.325973 1.238755628 0.203246 0.623507 35.20508 219 509.30774 33720 0.155476675 53202.74 86000 0.2 16576.82 0 0.00 0.00 -16576.82 0.00 OFF 0.00 -375.892 49965.28 0 0 100.000% 33720

-1.0472 -0.40163 0.52098 1.022798235 0.424391 0.814602 71.37419 409 779.07712 32780 0.151003098 79041.43 102576.8 0.238551 40212.54 16576.82 0.00 0.00 -40212.54 0.00 OFF 0.00 -911.849 72188.29 0 0 100.000% 32780

-0.7854 -0.40163 0.688435 0.811466615 0.614292 0.892301 111.5265 549 910.79231 33100 0.146429823 89606.06 126212.5 0.293518 49242.54 40212.54 0.00 0.00 -49242.54 0.00 OFF 0.00 -1116.61 81357.69 0 0 100.000% 33100

-0.5236 -0.40163 0.816929 0.614730513 0.760008 0.930323 141.3287 643 984.6511 33430 0.144827885 95812.69 135242.5 0.314518 54419.79 49242.54 0.00 0.00 -54419.79 0.00 OFF 0.00 -1234.01 86761.4 0 0 100.000% 33430

-0.2618 -0.40163 0.897703 0.456267553 0.851609 0.948653 157.0981 672 1012.0155 32230 0.144009617 97919.03 140419.8 0.326558 57357.59 54419.79 0.00 0.00 -57357.59 0.00 OFF 0.00 -1300.63 88440.44 0 0 100.000% 32230

0 -0.40163 0.925254 0.389091982 0.882852 0.954173 151.7416 642 1007.3171 23010 0.143743936 97284.63 143357.6 0.33339 65096.04 57357.59 0.00 0.00 -65096.04 0.00 OFF 0.00 -1476.1 86804.12 0 0 100.000% 23010 
 

Source: SPSS Output (2021) 

The results imply that a locally developed design model can be used to simulate a cost 

effective mini-grid for electricity for SMEs productive use. A number of studies in 

developing countries like Bangladesh have used imported design simulation tools like 

HOMA for mini-grid design and optimisation (Micangeli et al. 2020; Yusuf and Mustafi 

2018). The imported simulation tools have to be paid for thus adding more costs to the 

process of project design while the local Engineers have no opportunity to input to their 

development (Zhang et al. 2019). 

 

Conclusions 

Access to electricity enhanced through mini-grids can contribute positively towards 

productivity of SMEs in Zimbabwe, mostly those in the manufacturing sector. Access to 

clean energy by SMEs can also contribute positively towards building their resilience to 

climate change effects and keep them competitive. As supported by many researchers, 

switching to mini grid electricity makes business sense for entrepreneurs as power outages 

and lack of reliable supply can have a tangible impact on a business’s revenues. While the 

stand-alone individual solutions have traditionally received greater attention in the literature, 

mini-grid systems can offer a collective solution at a relatively lower cost to facilitate basic 

needs as well as productive use of electricity thereby promoting local economic development. 

 

Recommendations 

Energy research and Entrepreneurship is a field that need proper funding and local protection 

laws that are deliberately incentivising to technocrats and entrepreneurs to enhance local 

content in design, installation, operation and maintenance as well as business case of clean 

and renewable energy sources and practices. Acceptance and promotion of design and 

optimisation tools which are locally developed brings sustainability in the whole energy 

transition path. While private participation can speed up deployment of renewable energy 

mini-grids, this can however, be costlier for small enterprises thus the need for government 

policy and regulation intervention to share the costs. 
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