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The basic principles of assessing the solar potential of roofs

When assessing the feasibility of using photovoltaic panels (solar photovoltaic panels) on building
structures, for example, roofs, five basic principles should be taken into account.

*  First, it is necessary to estimate the total area available on the roofs of buildings.
* The second principle is that it is necessary to calculate the total area suitable for installing photovoltaic panels on the roof.
* The third principle is that the solar radiation available on the roofs of buildings should be evaluated.

* The fourth and fifth principles relate to technical and economic aspects, that is, the total amount of useful electricity generation by integrated solar
panels on the roof and the corresponding investment costs, respectively.
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Hierarchical methodology for estimating the potential of solar
photovoltaic energy on building roofs
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Dushanbe

Dushanbe is the capital of Tajikistan and the
largest city in the country. The area of the city
is 203.1825 km2, and the population is 1
million 185.4 thousand people. Dushanbe is
rapidly changing, turning from a small city into
a shining metropolis. Over the past few years,
the appearance of the city has changed a lot,
old buildings are being demolished, and new
ones are being built in their place. Given the
current situation, it is necessary to prepare
pilot projects in those neighborhoods where
they have already acquired their new look.
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METHODOLOGY FOR ASSESSING THE POTENTIAL OF SOLAR PHOTOVOLTAIC ENERGY ON
THE ROOFS OF BUILDINGS IN DUSHANBE
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Physical
potential

Dushanbe
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Roof area assessment z / \
|

Residential (old) 1047 1,294089
Residential (new) 1442 1,751792
Social 200 0,588998
Business 14 0,050483

O6uw,as naowaab - 3,685 km2 ( 2703 3AaHUA)
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USEFUL AREA FOR PHOTOVOLTAIC SYSTEMS / / \
]

Each roof has its own usable area
for the installation of photovoltaic
systems, which averages 80-90% of
the total roof area.

In this analysis, this indicator is
conditionally assumed to be equal
to 80% of the total roof area.
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Roof orientation Z / \
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Specific production 1443 kWh/kWp/yr 1351 kWh/kWp/yr 1403 kWh/kWp/yr
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effects in winter and summer seasons

Different row spacing designs and mutual shading f /\
|

Winter solar radiation: optimal inter-

array distance with no self-shading
Summer solar radiation: losing
—* potential installed capacity, thus
electricity
* /

1 kW -10 m2

Flat roof

Winter solar radiation: causing self-
shading between adjacent rows
Summer solar radiation: maximum
— potential installed capacity, thus
electricity
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Technical potential

Residential
(old) 1,04 103,5 149, 1
Residential
new] 1,40 140,1 201,8
Social 0,47 47,1 67,8
Business 0,04 4,04 5,8
2,95 294,74 275,4
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Off grid solar power plant
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On grid solar power plant

Nanenu C3C

WnBepTop

e,

2SECCA

the European Union




Hybryd solar power plant
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Daily Load - Residential

Residential (new)

The total consumption of apartment buildings is mainly used for:

pumping stations

Daily profile pumping station
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elevators lighting

Daily lighting profile

Daily Elevator Profile
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OFF-Grid System for elevators & lighting

. AC DC
Daily Load 20kWh/Day || =~
O (_,- Production kWhiyr % Consumption kWhiyr % Quantity kWhiyr %
) s 4 - Generic flat plate PV 41,488 100 ACPnmary Load 7294 100 Excess Electrcity 32707 788
15.00 kWh/d Total 41488 100 DC Primary Load 0 0 Unmet Electric Load 605 0.0830
15 2.78 kW peak
Deferrable Losd 0 0 Capacity Shortage 670 00918
Electric Load #2| 1kWh LA Total 72%4 100
a—— pr—
1 C . :&; | Quantity Value | Units
= i —— Renewable Fraction 100 %
5.00 kWh/d Max. Renew. Penetration 9698 %
|| ||||| |||| | S
o LA Rl Il Converter
G a > Monthly Electric Production
mev 59

44

Component Capital (3) | Replacement ($) O&M ($) Fuel ($) Salvage ($) Total ($) é |
<,
Generic 1kWh Lead Acid  $26,400.00 $14,906.24 $0.00 $0.00 $0.00 $41,306.24
Generic flat plate PV $16,270.52 $0.00 $0.00 $0.00 $0.00 $16,270.52

System Converter $3,000.00 $127282  $0.00 $0.00 ($637.61)  $3,635.21 2 e
System $45,670.52 $16,179.06 $0.00 S0.00 ($637.61) $61,211.96
Architecture Cost
a5 a PV Y 1kWhlA ¥ Converter Y| Dispatch ¥ NPC o v COE 0 v Operating cost o v Initial capital v
W) (kW) ($/yn) (%)
M 53 g 27.1 66 10.0 CC $61,212 $0.725 $1,342 $45,671

** %
* *
* *
* *
X % X
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Hybryd System for elevators & lighting

' AC DC ®
DOIly LOOd QOkWh/DOy Grid Electric Load #1 PV G
& @ Production kWh/yr | % Consumption kWh/yr | % Quantity kWh/yr| %

et . . -

= Generic flat plate PV | 15,299 76.9 AC Primary Load 7,300 382 Excess Electricity 0 0

15.00 kWh/d Grid Purchases 4,586 231 DC Primary Load 0 0 Unmet ElectricLoad 0 0

. 2.78 kW peak Total 19,886 100 Deferrable Load 0 0 Capacity Shortage 0 0
Electric Load #2 1kWh LA Grid Sales 11,821 61.8

1

'.'&,'. Total 19,121 100 Quantity Value| Units
11 el ;

Renewable Fraction 760 %
5.00 kWh/d

1 o,
o 1.36 kW peak Max. Renew. Penetration 105 %
l I I I | I | | Converter
g
o » © % .?- RS 2 |
Monthly Electric Production

=

PV 2.5 1
™ Grid 2
Component Capital ($) | Replacement ($)| O&M ($) Fuel ($) Salvage ($) Total ($)
<= 1.5
Generic TkWh Lead Acid $8,000.00 $4,517.04 $0.00 $0.00 $0.00 $12,517.04 %
Generic flat plate PV $6,000.00 $0.00 $0.00 $0.00 $0.00 $6,000.00 14
Grid $0.00 $0.00 ($2,513.33)  $0.00 $0.00 ($2,513.33) 05
System Converter $3,000.00 $1,272.82 $0.00 $0.00 ($637.61)  $3,635.21 0- : : ‘ ‘ : :
System $17,000.00 $5,789.86 ($2,513.33) $0.00 ($637.61) $19,638.92 Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
Architecture Cost

o>

) Gnd Converter NPC COE Operating cost Initial capital
l! B! (kw) Y kwhtA ¥ o €0 V| Dispatch ¥ OV OV ™, OV T Y

g 1 P 100 20 999,999 10.0 cC $19,639 $0.0887 $227.88 $17,000
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Daily Load - Social

e School

Kindergarten Hospital
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On grid System for social buildings

Daily Load 700kWh/Day

e et
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z
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0
) ™ © L -
Component Capital ($)
Generic flat plate PV $60,000.00
Grid $0.00
System Converter $7,550.00
System $67,550.00
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Replacement ($)| O&M ($)
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ot

$0.00
$0.00
$0.00
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Grid

AC
Electric Load #1

700.00 kWh/d
100.51 KW peak

Converter

DC

PV@
jed

~
eV
Fuel ($) Salvage ($)| Total ($) i Grid
$0.00 $0.00 $0.00 $60,000.00
$51,663.78  $0.00 $0.00 $51,663.78
$0.00 $0.00 $0.00 $7,550.00
$51,663.78  $0.00 $0.00 $119,213.78
Architecture
Gnid
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Jan

130,896
283,891

Feb

$118,350

Apr

Converter ) NPC COE
V| aw V| Dispatch V7 o i AT © i ITd

$0.0400

$119,214  $0.0375

Consumption

kWh/yr

AC Primary Load 255,500
DC Primary Load 0
Deferrable Load 0

Grid Sales
Total

19,362
274,862

7.04
100

Monthly Electric Production

May

Jun

Cost

($/yr)

$10,220

Jul

Operating cost

Aug

Initial capital
e v "

Quantity kWh/yr| %
Excess Electricity 1452 0511
Unmet Electric Load 0 0
Capacity Shortage 0 0

Quantity Value| Units
Renewable Fraction 524 %

Max. Renew. Penetration 138 %

Sep Oct Dec

$) ¥

$0.00

$4,461

$67,550
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e Shopping centre === Business Center
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On grid System for Business buildings

Daily Load 1000 kWh/Day

AC be — Production kWh/yr | % Consumption kWh/yr | % Quantity kWh/yr| %
-
_Grid Electric Load #1 PV lgl Generic flat plate PV 229,492 55.8 AC Primary Load 365,000 91.2 Excess Electricity 0 0
:.: J__ O ‘ | | Grid Purchases 182,051 44.2 DC Primary Load 0 0 Unmet ElectricLoad 0 0
—+ |
— - \ J Total 411,544 100 Deferrable Load 0 0 Capacity Shortage 0 0
- ¥00.00 KW ;
143,58 KW peak Grid Sales 35069 877

Converter Total 400,069 100

Quantity Value| Units
- g Renewable Fraction 545 %

Max. Renew. Penetration 105 %

Monthly Electric Production
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Architecture Cost

PV Grid Converter i NPC COE Operating cost Initial capital
View ¥ g V| Ospach Vg @V 0 @V gy @V T ¥

999,999 150 CC $227,147  $0.0490 $10,289 $108,000

1
b
8 2

999,999 cC $295,876  $0.0700 $25,550 $0.00
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Grid Electric Load #1
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Winning System Architecture Here's how the hybrid system saves money over the project lifetime.
@D HOMER Cycle Charging $0 -
T Grd
A pv - 150 kW
W) converter - 150 kW ($100,000)
Base Case Architecture
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o
Economic Metrics gumoom-
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Assessment of power generation
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Assessment of power generation

APL "Magarackap
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Thank You!
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