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Renewable Energy: Solar Resource Available on Horizontal Surface
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U.S. Energy Information Administration

Solar Outlook
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Renewable Energy: Solar Resource
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Renewable Energy: Solar Resource
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CUMULATIVE CARBON EMISSIONS
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Effect of Location

-130° -125° 120° 115° 1107 -105° -100° -95°¢ 90° -85° -80° 70 -65°
ﬁ' ‘ Tl I ‘ d_’;
s Global Horizontal Solar Irradiance . . N
National Solar Radiation Database Physical Solar Model
45°
45°
' Montana North Dakota
South Dakota New York
40°
a0
[
Nebraska
. Q
35 Missouri _‘
35
e
o
°
o
- About the Data kWh/m?/Day
This map provides >575 3¢
annual average daily 5.50t05.75
| T total solar resource 525t05.50
|
: ,* z 0.038-degree latitude | 4.50t0 4.75
50 (e by 0.038-degree ffi 4.25104.50
. ~ o longitude (nominally ‘ 4'30033 4.25
P“PD 4 km x 4 km). <
Alaska c " — . - For more information, visit:
o 60° 2160 2158 2156 z154 https://nsrdb.nrel.gov
5 Y 3 vg. b : - Email us at: nsrdb@nrel.gov
S o Dara Apot ThisLing awaii - 25
9‘%} . ‘Q & ’aly : _
&% - sﬁ k‘,uU"]ff“ﬂj,(-(, 550 [ |22 . Ocean ?‘.ﬂ
§ é:E:l § roii“ =] =
L. it 0| 200 400! Miles 0 50 \100 Miles 18 NATIONAL RENEWABLE ENERGY LABORATORY
170 e 150 140 \ 1607 158" 1567 Billy J. Roberts, February 22,2018
-120° -115° -10° -105° -100° -95 -a0° -85° -80° 75°

10



Effect of Location
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Effect of Orientation

level of insolation
compared to the maximum

tilt angle from horizontal

N

‘ Fig. 3.5 Chart of comparative total insolation over
i one year for all angles of tilt from horizontal and ori-
= entation, at Freiburg, Germany (latitude +50.9", lon-
gitude +13.3"). The actual value of maximum inso-
lation is 1,278kWh/m’ at the 100% point that is
positioned with a tilt of 35" and oriented 2° east
of due south. (The position slightly to east follows
from mornings being a little less cloudy than

afternoons.

)

Fig. 3.6 Selected values from Fig. 3.5 for 45" facets
of a building. Colour shading of the facets relates to
the bands of insolation in Fig. 3.5.

wﬁ‘

vertical tilt, due south

Building Integrated Photovoltaics A Handbook, 2008
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Effect of Orientation
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Effect of Orientation

Daily insolation comparisons (kWh/m2-day)
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Effect of Orientation
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Effect of Orientation
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Effect of Orientation
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Effect of Tilting
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Effect of Shadowing

Building Integrated Photovoltaics A Handbook, 2008
19



Effect of Shadowing

Building Integrated Photovoltaics A Handbook, 2008
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Effect of Temperature/Ventilation

For crystalline silicon cells, the efficiency drop by -0.4% for every degree rise in temperature;
reference temp is 20degC.
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Building Integrated Photovoltaics A Handbook, 2008
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Solar Cell Technology

Crystalline silicon
solar cells

Thin film solar cells

Organic solar cells

Monocrystalline

Polycrystalline

On glass pane

» Wafer technology; individual slices
* Opaque
* Approx. 85% market share
* Mature technology
* 14~20% cell efficiency (mono)
* 13~17% cell efficiency (poly)

Foil and strip-
shaped solar cells

Foil/glass substrate

* Amorphous silicon

» CdTe » Amorphous silicon
+ Micromorph silicon * CIGS
* CIS, CIGS

» Vacuum technology; full-surface substrate layering

» Opaque/translucent

* Approx. 15% market share
» Mature technology

* 6~14% module efficiency

* Printing process
» Nanostructure

* Pilot stage

» 2~3% efficiency

24




Solar Spectrum Use for Different Solar Cell Technology
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Solar Cell Technology

* The renewable energy integration is required to offset the energy use by active building systems.

* The integration of renewable energy system involves variables such as available renewable energy resources,
energy economics, energy requirements, building constraints, and site constraints.

* Renewable energy resources for site energy could include: sun, wind, hydro, geothermal, biomass, hydrogen, and
fuel cell.
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Metal frame

Anti reflective tempered glass

Encapsulant (EVA)

Solar cell

Back substrate

Junction box

28



Solar Systems Integration

AC output

distribution board

PV array - -

/

DC output

inverter —— |

import/export
utility meter

utility cable

Building Integrated Photovoltaics A Handbook, 2008
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BIPV Typology

Glazing application

',J

Shading device

.I
°
°I

Curtainwall

v

Closed cavity facade (CCF)

Double facade

Opaque wall application (rain screen system)

[ )g

\/
-
»

|

]

Roof top application

vAe
<.>
VA
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Roof Top Installation
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BIPV Curtainwall

AFSEN] NN EENED NENNY VUM NNUTR UNNND NUNUR NNUUY VST WORONWAMAL VAR

te

el

Federation of Korean Industry — Doctors without Borders HQ— HanH\);/a HQ- Modular
Folded (Horizontal) Flat

Solar Skin Tower — Folded (Vertical) East Park Tower (Tilted)

S = e

The Blauhaus - Woven

33



BIPV Design

A. Vertical Curtain Wall

Characteristics:
* Standard, economical, accepted construction

A.1 Perspective:

PV vertical curtain wall system with
- opaque PVs

- semi-transparent PVs

- clear glazing

A.2 Wall Section:

PV vertical curtain wall system with __
- opaque ggs

- semi-transparent PVs

- clear glazing

A3 Wall Section:

PV vertical curtain wall system with
- opaque PVs
- clear glazing

B. Sawtooth Vertical Curtain Wall

Characleristics:
* Minimal additional construction cost
* Good solar performance in certain

orientations
* Creates multiple "corner” windows

B.1 Perspective:

B.2 Wall Section:
PV sawtooth vertical curtain wall system with

- PVs
- mﬁ-hmﬁp.:?;;“r; Vs

B.3 Floor Plan:
PV sawmoﬂ\vﬂﬁmlmminwa]lsysmu;i‘tfh

opaque X Ve
- semi-transparent PVs
- clear glazing

Photovoltaic in Buildings, 2014




BIPV Design

C. PV Sawtooth Curtain Wall

Characteristics:

* PVs as building skin

. Com lex curtain wall construction
PV efficienc

* Passive shading/da t control
. Potenhalclenmngpi%lb

C.1 Perspective:

‘Sawtooth' PV curtain wall with
= opaque FVs

C.1 Wall Section:
‘Sawtooth’ FV curtain wall wuh

- opague PV
- clear gluzmg

C.2 Wall Section:

‘Sawtooth' FV curtain wall with
- opaque PVs

- semi-transparent FVs

- clear glazing

!

D. PV Accordion Curtain Wall

Characteristics:

* PVs as building skin
Complex curtain wall constructipn

. GOO\:I PV efficiency

* Potential cleaning problems

D.1 Perspective:
PV "accordion'-profiled
curtain wall wi

-opaque PVs /|
-clear glazing

D.2 Wall Section:
FV “accordion'
curtain wall with—

- opaque PVs
-clear glazing

D3 Wall Sectior: _

PV 'accordion’-profiled
curtain wall with
ue FVs
- semi-transparent FVs
clear glazing

D5 Perspective:

(option 2) with
- opaque PVs
- clear glazing

D4 Wall Section:
PV 'accardion’-profiled
curtain wall with double wall system:
- inner layer as weather seal
- ourer layer as active,/ passive solar source
e PVsJ
- doub
vl:nnlanm fpm&uzmal hump from PVs

Photovoltaic in Buildings, 2014




BIPV Design

F. PV Sloping/Stepped Curtain Wall

) f in Wal
E. PV Sloping Curtain Wall P
e * Good PV max efﬁcim
Characteristics: * Less efficient use of building
* Cood PV max efficie footprint
* Less efficient use ofﬁding * Complex curtain wall construction
footprint
E.1 Perspective:
707 sloping PV curtain wall with
- opaque PVs
- semi-transparent PVs
- clear glazing
i —
E.2 Wall Section:— -
60° sloping PV curtain wall with
- opague PVs_

= smmln_r;g:uﬂ FVs

E-3 Wall Section:

E4 Wall Section: F.3 Wall Section:
Wﬂwm”%&ﬁ B BopHg il i Stepping PV curtain wall with
3 semi—umucjepamu PVs - apaque PVs -opaque PVs

- clear glazing - ﬁ,m - semi-transparent FVs

- clear glazing

Photovoltaic in Buildings, 2014




BIPV Design

H. PV Roof Panels
G. PV Structural Glazing =
aracteristics:
Characteristics: o WCE S8 bmldug flop st
+ Standard, economical , accepted construction bmed 1 umiis)\s\'lth ol e 1 directly to roof structure)
+ Difficult sealing Pmblems for PV edges ‘B{Vse rproofing and structural issues must be carefully

L Snaw accumulation considerations

-
i3
:
=
o |
?:’3@ T
. e
St ¥ i
E = 3
]
ibid iy
et o "
G.1 Perspective: - = o H.2 Roof Section:
Vﬂucalwwummlghmgmlh combmumo! ] Sloped opaque PV roof panels
transparent clear glazing L
ol
A i
7
o

H.2 Roof Section:
Horizontal opaque PV roof panels

G.2 Wall Section:

Vrhcull’\-’stmmm]glaxmg ith combination of Sl
© semit-transparent PV clear glazing FL3 Bock et

Sloped opaque PV roof panels

Photovoltaic in Buildings, 2014




BIPV Design

I PV Atriums

L1 Perspective:

Semi-transparent, ue PV atrium skylights with
- semi-transparent (or opaque) PVs
= clear glazing

J. Flexible/ Metal PV Substrates

Characteristics:

* For roofs and/or wall applications
* Good design flexibility
® Light-weight

* Possible integral weather barrier

J1 Perspective:

que PV flexible substrate
(sheet metal or flexible synthetic) roof paneling

J.2 Wall Section:

O%eaque PV flexible substrate
(sheet metal or flexible synthetic) roof paneling

Photovoltaic in Buildings, 2014




BIPV Design

K. PV Skylights

Characteristics:

* PV system as indiv. roof openings
* New construction or retrotit

. E]ted or horiﬁlntal orientation i
* Numerous configurations possil

« Daylighting Bengfits

* Snow accumulation considerations

K.1 Perspective:
Transparent PV skylights

e
o e
Wﬁ‘gj@& e
ek e
m%gx @Qg 2
e o o
K.2 Roof Section:
Transparent PV skylights

K.3 Roof Section:
Opaque PV skylights

L. Independent PV Rooftop Array

Characteristics:
* PV system independent of bldg skin
* conventional array configuration
installed on rooftop
* Maximal efficiency
= New construction or retrofit
* Potential passive benefit from reduced heat load
+ Potential structural costs
* Water proofing issues at roof /structure

Independent opaque PV rooftop array

L1 Roof Perspective:

L2 Roof Section:
Independent opaque PV rooftop array.

Photovoltaic in Buildings, 2014




BIPV Design

M. PV Sawtooth Roof Monitors

Characteristics:

+ PV system as building skin

* Retrofit to exist. industrial buildings
* Good PV efficiency

* Good daylight benefits

PV sawtooth roof monitors with
- opaque PVs
- clear glazing

M.2 Roof Section:

PV sawtooth roof monitors with
- opaque FVs
- clear glazing

N. Hybrid PV Auning Systems

Characteristics: s . |
e

il bt

* Wiring must penetrate building skin

N.1 Perspective:

PV hybrid awning/wall system
Cna be extended into independent h!%s!campy at ground level

N.2 Wall Section:
FV hybrid auminé.fwau system with:
- opaque awnings attatched to vertical wall,

- awnings can be extended into independent trellis.
at ground level

N.3 Wall Section:
PV hybrid awning,/wall system with:
- opaque aﬂ@% o vyertical wall

Photovoltaic in Buildings, 2014




BIPV Design

O. Hybrid PV Auwning/Light Shelf Systems

Characteristics:

* PVs independent ofbu:ldm,gskin

2 Posive shading/dayhghi contmlfd lighting benefi

* Passive ing,/daylight aylighting s

* Potenti allysipi‘l.{f‘way -
and weatherproofing costs

0.1 Perspective:

Hybrid PV light shelf /wall system
Can be extended into independent trellis at ground level

0.2 Wall Section:

P\;bmi PV light shelf/wall system with:
-opaque t shelves attached to vertical wall
- hoﬂmntal PVs which can be extended into
independent trellis at ground level

0.3 Wall Section: __
H PV light shelf /wall syslem with:
- opaque hghlshe ves attached to vertical wali

Photovoltaic in Buildings, 2014
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1. Using irradiance color coding at 1pm, summer solstice, which cell connection is better
for the left-wing? series, parallel or hybrid? Draw lines between cells representing cell

connection.
2. What is the maximum theoretical power output based on the I-V curve data?

Unfolded

@ Left Wing Right Wing

B 250W/m2
500W/m?2
] 750w/m2
[ 1000w/m2

Solar Cell spec: 0.5V, 160MA measured at lab setting under 1000WW/m2 light source. Use the following |-V graph.

https://www.amazon.com/dp/B087TK7T7T?ref_=cm_sw_r_apin_dp_4MBC3SORF81E1Z0TY456
50




I-V curve

Current, mA r
1000W/m°
144MA [----=- ==
MPP: 144mA, 0.5V
750W/m>
108mA [ 'MPP\ 108mA, 0.49V
S00W/m’ |
T2MA b EMPP: 2MA, 0.48V
250W/m’ 1
36mA [ MPP: 36inA, 045V
0 1 1 1 1 1 1 ]
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7
V (V)
0.45V
048V
0.49V |

0.5V 51
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