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1 – Survey of commonly occurring commercial activities in Abuja commercial centres
	S/N
	Commercial Centre
	1
	2
	3
	4
	5

	
	Commercial Activity
	Cyber café 
	Boutique
	Salon
	Tailoring
	Grocery shop

	1
	Banex
	
	
	
	
	

	2
	DBM
	
	
	
	
	

	3
	Emab
	
	
	
	
	

	4
	Mangal
	
	
	
	
	

	5
	Othni
	
	
	
	
	

	6
	Mcdarnells
	
	
	
	
	

	7
	Sharif
	
	
	
	
	

	8
	Heroes
	
	
	
	
	

	9
	Olive
	
	
	
	
	

	10
	GCL
	
	
	
	
	

	11
	Blue
	
	
	
	
	

	12
	K-City
	
	
	
	
	

	13
	Israel
	
	
	
	
	

	14
	Saham
	
	
	
	
	

	15
	Shelter Aid
	
	
	
	
	

	16
	DBM II
	
	
	
	
	

	17
	Habiba
	
	
	
	
	

	18
	Kenaz
	
	
	
	
	

	19
	Prime
	
	
	
	
	

	20
	Poly
	
	
	
	
	

	21
	Iluobe
	
	
	
	
	

	22
	Omega
	
	
	
	
	

	23
	Fanaha
	
	
	
	
	

	24
	Millenium Verdict
	
	
	
	
	

	25
	Obum
	
	
	
	
	

	26
	Discovery
	
	
	
	
	

	27
	Premier
	
	
	
	
	

	28
	Queenfem Green
	
	
	
	
	

	29
	Glory Mojec
	
	
	
	
	

	30
	Standard
	
	
	
	
	

	31
	Sticks and Stones
	
	
	
	
	

	32
	Rochas
	
	
	
	
	

	33
	Nandu
	
	
	
	
	

	34
	Jinifa
	
	
	
	
	

	35
	Essence
	
	
	
	
	

	36
	Dansaraki
	
	
	
	
	

	37
	Hiltop
	
	
	
	
	

	38
	AP
	
	
	
	
	

	39
	Metro
	
	
	
	
	

	40
	H-Medix
	
	
	
	
	





2 – Olowos Plaza power consumption breakdown
	Monday – Friday (daytime)

	Device/Equipment
	Power Rating (W)
	 Quantity (Unit)
	Total Power (W)

	PC
	96
	8
	768

	Printer
	337
	1
	337

	Air Conditioners
	3000
	2
	6000

	Fan
	45
	10
	450

	Router
	18
	1
	18

	Dryer
	1000
	1
	1000

	Nail Curing Lamp 
	36
	2
	72

	Clipper
	20
	2
	40

	Fridge
	418
	1
	418

	TV
	31
	3
	93

	Total Power Consumption (W) – 9196 

	Hourly Energy Consumption (kWh) – 9.2

	Baseload (kWh) – 0.42

	Monday – Friday (night-time)

	Device/Equipment
	Power Rating (W)
	 Quantity (Unit)
	Total Power (W)

	PC
	96
	8
	768

	Printer
	337
	1
	337

	Air Conditioners
	3000
	1
	3000

	Fan
	45
	10
	450

	Router
	18
	1
	18

	Dryer
	1000
	2
	2000

	Nail Curing Lamp
	36
	3
	108

	Clipper
	20
	3
	60

	Fridge
	418
	1
	418

	TV
	31
	3
	93

	Light bulb
	15
	14
	210

	Total Power Consumption (W) – 7462

	Hourly Energy Consumption (kWh) – 7.5 





	Saturday daytime 

	Device/Equipment
	Power Rating (W)
	 Quantity (Unit)
	Total Power (W)

	PC
	96
	10
	960

	Printer
	337
	2
	674

	AC
	3000
	2
	6000

	Fan
	45
	10
	450

	Router
	18
	1
	18

	Dryer
	1000
	2
	2000

	Nail Curing Lamp
	36
	3
	108

	Clipper
	20
	3
	60

	Fridge
	418
	1
	418

	TV
	31
	3
	93

	Total Power Consumption (W) – 10781

	Hourly Energy Consumption (kWh) – 10.8 (weekly peak load)

	
Saturday night-time 

	Device/Equipment
	Power Rating (W)
	Quantity (Unit)
	Total Power (W)

	PC
	96
	10
	960

	Printer
	337
	2
	674

	AC
	3000
	1
	3000

	Fan
	45
	10
	450

	Router
	18
	1
	18

	Dryer
	1000
	2
	2000

	Nail Curing Lamp
	36
	3
	108

	Clipper
	20
	3
	60

	Fridge
	418
	1
	418

	TV
	31
	3
	93

	Light bulb
	15
	14
	210

	Total Power Consumption (W) – 7991

	Hourly Energy Consumption (kWh) – 7.99



	Sunday 

	Device/Equipment
	Power Rating (W)
	 Quantity (Unit)
	Total Power (W)

	AC
	3000
	1
	3000

	Fan
	45
	4
	180

	Dryer
	1000
	1
	1000

	Nail Curing Lamp 
	36
	2
	72

	Clipper
	20
	2
	40

	Fridge
	418
	1
	418

	TV
	31
	1
	31

	Total Power Consumption (W) – 4741

	Hourly Energy Consumption (kWh) – 4.74



3 – Device/Equipment power rating, brand and model for Olowos Plaza
i. Light Bulb – 15W 3U T2 B22 Energy Saving Light Bulb
ii. PC Desktop – 65W HP 260-a104na Desktop PC
iii. PC Monitor – 31W HP-LA 2205wg
iv. LaserJet Printer and Copier – 337W HP Colour LaserJetPro MFPM180n
v. Fridge – 418W Blizzard Bar20 Double Door Upright Bottle Cooler
vi. Television – 31W JVC LT-32C461 32" LED TV – White
vii. Fan – 45W Premiair 16” White Oscillating Pedestal Fan - EH1796
viii. Nail Curing Lamp – 36W Mylee Nail MYL11
ix. Hair Dryer – 1000W Swing Arm Wall Mounted Salon Hood Hair Dryer
x. Internet Router – 18W Draytek Vigor 2862 Series
xi. Barbing Clippers – 20W Kemei Turbocharged Barber Hair Clipper
xii. Air Conditioner – 3000W Argo AWR322HLE Split-System Air Conditioner






4 – Olowos Plaza business operation assumptions
i. Some devices/equipment are specific to certain commercial outlets i.e. fridge to commercial outlet 5; nail curing lamp, dryers and clippers to commercial outlet 3; PC, printers and router to commercial outlet 1; AC to commercial outlets 1 and 3.
ii. Devices/Equipment consume maximum power whenever in use.
iii. The same device/equipment (TV, AC, Light bulb) model and/or specification is considered for those utilised in more than one commercial centre outlet.
iv. Daytime operation for Mondays – Saturdays are from 9am – 6pm.
v. Reduced operational hours on Sundays. 
vi. Sunday operations are daytime only, running from noon to 5pm.
vii. No cycling has been considered for the refrigerator (baseload) and the air conditioning unit.
viii. Therefore, baseload has to be met 24 hrs a day, every day of the week. 
ix. Commercial outlets 1 and 3, have a larger commercial space than the other outlets due to the nature of their commercial activity.
x. Commercial outlets 1 and 3 get their cooling from air conditioners, whilst the other outlets source their artificial cooling from standing fans. 
xi. Light bulbs are never on during the daytime.
xii. A limited number of devices/equipment are operated in commercial outlets 1 and 3 during the daytime from Monday – Friday. This conserves energy as service demand drops.
xiii. During Saturday daytime, service demand increases with more devices/equipment powered on to meet the increase in commercial activity.
xiv. Weekly peak load is recorded during Saturday daytime.
xv. Night-time operation for Mondays – Saturdays are from 6pm – 10pm.
xvi. No Sunday night-time operations.
xvii. Only commercial outlets 1, 3 and 5 are open for business on Sundays.
xviii. As night-time approaches and the weather improves, commercial outlet 3 powers off its air conditioning unit. 
xix. Due to the nature of the devices/equipment in commercial outlet 1, the air conditioning unit is operational for its entire business hours (daytime and night-time).
xx. Light bulbs are always on during the night-time.
xxi. With a weighted average daily and weekly energy demand of 108 kWh and 757 kWh respectively.  
xxii. With a yearly energy consumption of approximately 39,497 kWh, we consider Olowos Plaza a medium scale business.
xxiii. Based on Olowos Plaza’s yearly energy consumption of 39.5 MWh, commercial outlet 1 consumes the most energy at 47% of total supplied energy, outlet 3 follows with 41%, outlet 5 with 10% and outlets 2 and 4 consuming 1% respectively.



5 – Olowos Plaza power system operations design assumptions and considerations
i. Olowos Plaza’s power system is designed in meeting a weekly variable load demand, with the same total load demand from Monday – Friday (117 kWh), increased demand on Saturday (134 kWh) and reduced demand on Sunday (36 kWh).
ii. We worked with solar irradiation data from Copernicus Atmosphere Monitoring Service (CAMS) at latitude - tilt angle (0⁰), specific to Abuja, Nigeria.
iii. Abuja is positioned at geographical coordinates: latitude - 10⁰N and longitude - 8⁰E.
iv. We worked with a single day (24hr) solar-irradiation data based on the average daily solar irradiation for each month of the year for 2017.
v. The solar-PV system sizing for the capacity range considered, was guided by working with the lowest average daily irradiation (4.45kWh/m2/day) for the year (August), against the commercial centre’s peak load day (Saturday).
vi. We determined our land size (surface area) for the range of system capacities, using the equation:
          (5)
vii. The surface area was verified considering the surface area per panel rating i.e. 0.69m2 per 100W panel. The result would have been divided by a “factor” if the design considered a tilt angle greater than 0⁰.
viii. Nigeria experiences on average, five to six daily peak sun hours.
ix. The solar-PV system operates on average 10 hours a day in a week (for most of the hybrid systems’ analysed in the study).
x. We assumed a system operating temperature of 35⁰C.
xi. The systems considered for our analysis are DC-coupled systems.
xii. We assumed “48V, 60A” MPPT charge controllers would be employed in ensuring the proper operation and interaction of the solar-PV system with the battery storage system.
xiii. We also assumed charge controllers will work as the solar-PV system regulator/protection (especially for protection against low voltage, over-current, reverse polarity, short-circuiting, overloading etc.), with fuses, circuit breakers, isolators, surge protectors, lightning arresters and a system ground, operating as the larger power systems’ protection.
xiv. Charge controllers replacement – thrice in the integrated power systems’ lifetime (20 years).
xv. The battery storage system was sized for a 50% DOD capacity based on the Plaza’s Saturday commercial operations. This meant that the plaza had a varying DOD less than 50% from Monday – Friday, and also on Sunday. This resulted in a weighted weekly average DOD in the range of 34 – 41% for the integrated power systems’ battery storage capacities analysed.
xvi. We assumed an 85% battery charging cycling efficiency, with the battery housed in a well ventilated room to prevent gaseous build-up and risk of human exposure to harmful gases (by-product of the charging process) that could be explosive and toxic.
xvii. With the battery storage system operating on a weekly average of 10 hours a day (for most of the hybrid systems’ analysed in this study), we factored in battery storage system maintenance.
xviii. Total battery array replacement – once in the integrated power systems’ lifetime. Informed by operations, battery lifetime (cycles) and referring to Rolls battery manual.
xix. We employed a multi-stage (fast) battery charging regime i.e. approximately two hours to get to 80% state of charge (SOC), six hours to 100% SOC.
xx. We also assumed there would be an equalisation charge applied periodically and as necessary.
xxi. Battery self-discharge of 5% per month.
xxii. Due to the system’s low DOD, we did not consider system capacity degradation to have a significant effect on the battery storage system’s operation during its active lifetime, considering one replacement. 
xxiii. Due to the battery’s charging regime, total battery array capacities and system application, the system produced energy that was excess to demand i.e. surplus energy (MWh/yr.).
xxiv. The system’s surplus energy (MWh/yr.) could not be traded due to the DisCos reluctance (repeated excuse of maintaining and revamping their networks) to engage in energy trading and the immaturity of the transactive energy market in Nigeria.   
xxv. Inverter efficiency of 85% was also considered in our systems’ operation design.
xxvi. We assumed 48V inverters would be employed. We also considered power equipment/device start-up wattage in this assumption.
xxvii. Inverter replacement – once in the integrated power systems’ lifetime.
xxviii. The generator system was not employed in charging the batteries towards meeting their load requirements. 
xxix. In any case, we assumed that the generator system when operational could render an equalisation charge to the battery storage system as necessary.
xxx. The diesel generator system operated within a range of 30 – 70% load of system capacity.
xxxi. The diesel generator (DG) system, being the more resilient of the two systems (diesel and petrol generators), was deployed in meeting the higher load demand of Olowos Plaza business operations and operated for longer hours when deployed.
xxxii. For CO2 emissions calculation, we worked with diesel fuel emitting 2.68kg per litre consumption and petrol emitting 2.31kg per litre consumption.
xxxiii. We also worked with 9.7kWh and 10.7kWh in a litre of petrol and diesel fuel respectively. Referring to the generator system data sheet (efficiency) and power system loading (efficiency at “xy” load of the power system) we were able to determine the energy being delivered per litre consumption.
xxxiv. In selecting a diesel generator size, we also considered the start-up wattage for the air-conditioning units.
xxxv. Petrol generator (PG) is deployed in meeting the lesser loads of Olowos Plaza business operations.
xxxvi. To prevent wet-stacking and for efficiency, the generator system is not too lightly loaded and whenever deployed is operational for at least two hours. 
xxxvii. Petrol generator replacement – four times in the integrated power systems’ lifetime.
xxxviii. Maintenance of the generator system – four times a year (once every three months).

6 – Olowos Plaza power system cost considerations and assumptions 
i. System costs were presented in USD ($). For conversion to Nigerian naira (₦), use conversion rates of $1 – ₦ 306.35  set by the central bank of Nigeria pertinent to the period of our analysis i.e. December 2018 
ii. Cost quotation from an e-commerce (Future Green Tech.) online store (Made-in-China.com) put a unit of 100Wp monocrystalline PV module at $33 and 100 pieces at $3300.
iii. Rolls Battery (12 CS 11P) unit - $986.69.
iv. Stephill diesel generator (SSDK20M) unit - $12,835.48.
v. Neilsen petrol generator (CT1900) unit - $272.95; with a net present value applied to the generator’s replacement costs as necessary.
vi. The balance of system components (wires, connectors, switches etc.) were assumed to be 15% of the solar-PV system’s capital costs.
vii. The charge controller costs were assumed to be 10% of the solar-PV system’s capital costs, with a net present value applied to the replacement costs as necessary.
viii. The inverter costs were assumed to be 20% of the solar-PV system’s capital costs, with a net present value applied to the replacement costs as necessary.
ix. All maintenance costs (for the solar-PV, battery storage and electric power generator systems) were informed by the negotiable price of labour/services costs in Nigeria.
x. Land costs were informed by contact with a land and properties agent. Kuje a suburban town in Abuja (Federal Capital Territory) was chosen due to the wider availability of project development space. 
xi. We enquired on the lowest land size cost relative to the lowest solar-PV system capacity and thereafter scaled the cost upwards to account for all other system sizes in the capacity range we considered. 
xii. A uniform land area was assumed for the land size calculations.
xiii. Shipping and import duties on the solar-PV components were not considered, as well as cost of transportation, installation and re-installation of the system’s component parts.






7 – Integrated Power Systems life-cycle cost analysis
IHSS
	
	PV System
	Diesel Generator
	Petrol Generator

	Input

	Capital Cost ($)
	57,586
	12,835
	273

	Energy Price per kWh ($/kWh)
	0.20

	Operating Power (kW)
	30
	15.5
	2

	Avg. Operating Hours/Year
	7,407
	666
	687

	Energy Cost/Year ($)
	8,111

	Maintenance Cost/Year ($)
	480
	653
	163

	Other Yearly Cost ($)
	-
	3455
	1416


	Replacement times in lifetime (excludes initial installation)

	Inverter(s)
	1


	Lifetime (Years)
	20

	Discount Rate (%)
	14

	Inflation Rate (%)
	11.44

	Lifetime Cost ($)

	
	58,066
	78,009
	26,150



IHGS 1
	
	PV System
	Diesel Generator
	Petrol Generator

	Input

	Capital Cost ($)
	19,420
	12,835
	273

	Energy Price per kWh ($/kWh)
	0.25

	Operating Power (kW)
	10
	15.5
	2

	Avg. Operating Hours/Year
	1,064
	4,202
	3,494

	Energy Cost/Year ($)
	9,755

	Maintenance Cost/Year ($)
	165
	653
	163

	Other Yearly Cost ($)
	-
	7718
	1649


	Replacement times in lifetime (excludes initial installation)

	Inverter(s)
	1


	Lifetime (Years)
	20

	Discount Rate (%)
	14

	Inflation Rate (%)
	11.44

	Lifetime Cost ($)

	
	19,585
	145,653
	29,852










	
	PV System
	Battery Storage
	Diesel Generator
	Petrol Generator

	Input
	

	Capital Cost ($)
	20,522
	85,257
	12,835.48
	272.95

	Energy Price per kWh ($/kWh)
	0.36

	Operating Power (kW)
	10
	-
	15.5
	2

	Battery Array Capacity (kWh)
	-
	12
	-
	-

	Avg. Operating Hours/Year
	-
	3493
	4,381
	886

	Energy Cost/Year ($)
	14,269

	Maintenance Cost/Year ($)
	165
	681
	653
	163

	Other Yearly Cost ($)
	-
	-
	8,586
	401

	Replacement times in lifetime (excludes initial installation)

	Battery Array
	1

	Charge Controller(s)
	3

	Inverter(s)
	1

	Lifetime (Years)
	20

	Discount Rate (%)
	14

	Inflation Rate (%)
	11.44

	Lifetime Cost ($)
	

	
	20,687
	96,061
	159,414
	10,047


IHGS 2

















IHGS3
	
	PV System
	Battery Storage
	Diesel Generator

	Input

	Capital Cost ($)
	20,522
	85,257
	12,835.48

	Energy Price per kWh ($/kWh)
	0.35

	Operating Power (kW)
	10
	-
	15.5

	Battery Array Capacity (kWh)
	-
	12
	-

	Avg. Operating Hours/Year
	1,043
	3,493
	4,224

	Energy Cost/Year ($)
	13,731

	Maintenance Cost/Year ($)
	165
	681
	653

	Other Yearly Cost ($)
	-
	-
	8,488

	Replacement times in lifetime (excludes initial installation)

	Battery Array
	1

	Charge Controller(s)
	3

	Inverter(s)
	1

	Lifetime  (Years)
	20

	Discount Rate (%)
	14

	Inflation Rate (%)
	11.44

	Lifetime Cost ($)

	
	20,687
	96,061
	157,862






IHSBS 1
	
	PV System
	Battery Storage
	Diesel Generator

	Input

	Capital Cost ($)
	40,786
	85,257
	12,835

	Energy Price per kWh ($/kWh)
	0.31

	Operating Power (kW)
	20
	-
	15.5

	Battery Capacity (kWh)
	-
	12
	-

	Avg. Operating Hours/Year
	2,661
	3,338
	2,761

	Energy Cost/Year ($)
	12,264

	Maintenance Cost/Year ($)
	325
	681
	653

	Other Yearly Cost ($)
	-
	-
	5,352


	Replacement times in lifetime (excludes initial installation)

	Battery Array
	1

	Charge Controller(s)
	3

	Inverter(s)
	1


	Lifetime (Years)
	20

	Discount Rate (%)
	14

	Inflation Rate (%)
	11.44

	Lifetime Cost ($)

	
	41,111
	96,061
	108,106






IHSBS 2
	
	PV System
	Battery Storage
	Diesel Generator

	Input

	Capital Cost ($)
	60,791
	85,257
	12,835.48

	Energy Price per kWh ($/kWh)
	0.30

	Operating Power (kW)
	30
	-
	15.5

	Battery Capacity (kWh)
	-
	12
	-

	Avg. Operating Hours/Year
	3,370
	3,493
	1,897

	Energy Cost/Year ($)
	11,834

	Maintenance Cost/Year ($)
	480
	681
	653

	Other Yearly Cost ($)
	-
	-
	3,539


	Replacement times in lifetime (excludes initial installation)

	Battery Array
	1

	Charge Controller(s)
	3

	Inverter(s)
	1


	Lifetime (Years)
	20

	Discount Rate (%)
	14

	Inflation Rate (%)
	11.44

	Lifetime Cost ($)

	
	61,271
	96,061
	79,339





IHSBS 3
	
	PV System
	Battery Storage
	Diesel Generator

	Input

	Capital Cost ($)
	80,538
	85,257
	12,835.48

	Energy Price per kWh ($/kWh)
	0.32

	Operating Power (kW)
	40
	-
	15.5

	Battery Capacity (kWh)
	-
	12
	-

	Avg. Operating Hours/Year
	3,644
	3,493
	1,623

	Energy Cost/Year ($)
	12,541

	Maintenance Cost/Year ($)
	630
	681
	653

	Other Yearly Cost ($)
	-
	-
	3,177


	Replacement times in lifetime (excludes initial installation)

	Battery Array
	1

	Charge Controller(s)
	3

	Inverter(s)
	1


	Lifetime (Years)
	20

	Discount Rate (%)
	14

	Inflation Rate (%)
	11.44

	Lifetime Cost ($)

	
	81,168
	96,061
	73,599






IHSBS 4
	
	PV System
	Battery Storage
	Diesel Generator

	Input

	Capital Cost ($)
	100,027
	85,257
	12,835.48

	Energy Price per kWh ($/kWh)
	0.33

	Operating Power (kW)
	50
	-
	15.5

	Battery Capacity (kWh)
	-
	12
	-

	Avg. Operating Hours/Year
	3,683
	3,493
	1,584

	Energy Cost/Year ($)
	13,230

	Maintenance Cost/Year ($)
	775
	681
	653

	Other Yearly Cost ($)
	-
	-
	2,807


	Replacement times in lifetime (excludes initial installation)

	Battery Array
	1

	Charge Controller(s)
	3

	Inverter(s)
	1


	Lifetime (Years)
	20

	Discount Rate (%)
	14

	Inflation Rate (%)
	11.44

	Lifetime Cost ($)

	
	100,802
	96,061
	67,735



IHSBS 5
	
	PV System
	Battery Storage
	Diesel Generator

	Input

	Capital Cost ($)
	119,258
	213,143
	12,835.48

	Energy Price per kWh ($/kWh)
	0.53

	Operating Power (kW)
	60
	-
	15.5

	Battery Capacity (kWh)
	-
	28
	-

	Avg. Operating Hours/Year
	3,705
	3,545
	1,510

	Energy Cost/Year ($)
	20,990

	Maintenance Cost/Year ($)
	915
	1,702
	653

	Other Yearly Cost ($)
	-
	-
	2,287


	Replacement times in lifetime (excludes initial installation)

	Battery Array
	1

	Charge Controller(s)
	3

	Inverter(s)
	1


	Lifetime (Years)
	20

	Discount Rate (%)
	14

	Inflation Rate (%)
	11.44

	Lifetime Cost ($)

	
	120,173
	240,145
	59,473







IHSBS 6
	
	PV System
	Battery Storage
	Diesel Generator

	Input

	Capital Cost ($)
	138,230
	298,400
	12,835.48

	Energy Price per kWh ($/kWh)
	0.66

	Operating Power (kW)
	70
	-
	15.5

	Battery Capacity (kWh)
	-
	42
	-

	Avg. Operating Hours/Year
	3791
	3597
	1372

	Energy Cost/Year ($)
	26,248

	Maintenance Cost/Year ($)
	1,050
	2,383
	653

	Other Yearly Cost ($)
	-
	-
	1,657


	Replacement times in lifetime (excludes initial installation)

	Battery Array
	1

	Charge Controller(s)
	3

	Inverter(s)
	1


	Lifetime  (Years)
	20

	Discount Rate (%)
	14

	Inflation Rate (%)
	11.44

	Lifetime Cost ($)

	
	139,280
	336,207
	49,477



IHSBS 7
	
	PV System
	Battery Storage
	Diesel Generator

	Input

	Capital Cost ($)
	156,944
	298,400
	12,835.48

	Energy Price per kWh ($/kWh)
	0.69

	Max. Operating Power (kW)
	80
	-
	15.5

	Battery Capacity (kWh)
	-
	42
	-

	Avg. Operating Hours/Year
	3,869
	3597
	1,294

	Energy Cost/Year ($)
	27,096

	Maintenance Cost/Year ($)
	1,180
	2,383
	653

	Other Yearly Cost ($)
	-
	-
	1,537


	Replacement times in lifetime (excludes initial installation)

	Battery Array
	1

	Charge Controller(s)
	3

	Inverter(s)
	1


	Lifetime (Years)
	20

	Discount Rate (%)
	14

	Inflation Rate (%)
	11.44

	Lifetime Cost ($)

	
	158,124
	336,207
	47,583







IHSBS 8
	
	PV System
	Battery Storage
	Diesel Generator

	Input

	Capital Cost ($)
	175,400
	298,400
	12,835.48

	Energy Price per kWh ($/kWh)
	0.71

	Operating Power (kW)
	90
	-
	15.5

	Battery Capacity (kWh)
	-
	42
	-

	Avg. Operating Hours/Year
	3,913
	3,597
	1,250

	Energy Cost/Year ($)
	27,950

	Maintenance Cost/Year ($)
	1,305
	2,383
	653

	Other Yearly Cost ($)
	-
	-
	1,443


	Replacement times in lifetime (excludes initial installation)

	Battery Array
	1

	Charge Controller(s)
	3

	Inverter(s)
	1


	Lifetime (Years)
	20

	Discount Rate (%)
	14

	Inflation Rate (%)
	11.44

	Lifetime Cost ($)

	
	176,705
	336,207
	46,088



 GS
	
	Diesel Generator
	Petrol Generator

	Input

	Capital Cost ($)
	12,835.48
	272.95

	Energy Price per kWh ($/kWh)
	0.24

	Operating Power (kW)
	15.5
	2

	Avg. Operating Hours/Year
	4,537
	4,223

	Energy Cost/Year ($)
	9,574

	Maintenance Cost/Year ($)
	653
	163

	Other Yearly Cost ($)
	8,664
	1,712

	Lifetime (Years)
	20

	Discount Rate (%)
	14

	Inflation Rate (%)
	11.44

	Lifetime Cost ($)

	
	160,636
	30,846




 RES
	
	PV System
	Battery Storage

	Input

	Capital Cost ($)
	193,598
	596,799

	Energy Price per kWh ($/kWh)
	1.10

	Operating Power (kW)
	100
	-

	Battery Capacity (kWh)
	-
	82

	Avg. Operating Hours/Year
	4,068
	4,692

	Energy Cost/Year ($)
	43,372

	Maintenance Cost/Year ($)
	1,425
	4,766


	Replacement times in lifetime (excludes initial installation)

	Battery Array
	1

	Charge Controller(s)
	3

	Inverter(s)
	1


	Lifetime (Years)
	20

	Discount Rate (%)
	14

	Inflation Rate (%)
	11.44

	Lifetime Cost ($)

	
	195,023
	672,413
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