POSITION OF THE SUN

—360°. -
J'=360°
5=(0,3948—23,2559-cos(J '+9,1°)—0,3915-cos(2-J '+5,4°)—0,1764-cos (3-J '+105,2°))
TEQ=(0,0066+7,3525-cos (J '+85,9°)+9,9359-cos(2-J '+108,9 °)+0,3387-cos (3, .J '+105,2°))/ 60- h.
Mean Local Time MLT =( HourOFDay —TZ+1h—4-(15°—a)/60°) h
Ture Local Time TLT =MLT +TEQ
Angle w=(12.00h—TLT)-15°

y,=arcsin (cos (o )-cos (¢)-cos(d)+sin (¢)-sin(9)) BEREE B
_ c,
—arccos(sm( )?m() @)= an)d( ))ﬁirTLT<12 a—arctan(ﬂ) | P
“ sinly,)-sinlg)sind 8 Sa=at90° Ao\
+arccos( Sinlg ) sin ) fiir TLT >12 _ DE )a
cos(y,-cos(¢) paretan (5 :
Power and Energy from the Sun
Irradiation Power Density G=0-¢- AT
Irradtiation Power Density Sun: G, = %: oeT'=567-10"° i (5777K)'= MVZV
m
. .. 4mnR 10° km)’®
Solar Constant: Gy= G.— TR _ g3 15 MW (0,6963:10%m)” _ 350 W
47-(AU) m®  (149,6-10°km) m
Irradiance G=f G-dt
Transformation of irradiation
r-sin(90°—(90°—y,))-cos(a,)| [sin(30°)cos(30°) (1/2)
n=|r-sin(90°—(90°—y,))-sin(a,) |[=| sin(30°)sin(0°) |= 0 | A A=t
rc0s(90°—(90°—y,)) cos(30°) (1/2)-V(3)
r+sin(90°—y )-cos(c,) $o7; - . . n
§: r-sin(90°—ys)'sin(ots) COS(B):|§||7I| GTat:Gdi)‘+Gdif+Gref \
r-cos(90°—ys)
cos(© : : ‘ : i !
Direct Radiation : Ga’zr tilt — a’ir,hor.w(ysg Gro =G giv it Gair it G rer s - -
Diffuse Radiation:de‘,ﬁh:%-Gd”Mh-(1+cos(yp))-(l+F-sin3(¥))-(1+F-cosz(6)-cos3(ys))
G,
Cloudness Function : F =1—| =22 -
Gmtal hor o FORERN

G A -1
Ground Reflection:G,,, ,;,=—""*—"%%—.(1—cos(y,))

- : ﬁk
SN



_ b-sin(180°—(a+yy))

§= 3
sin (ys)



Photovoltaics Basics Modules and Generators

-
>

Photovoltaic Effect Ta
Plank ' s quantum: h=6,62 codt 10 *Ws*  c¢=3- IOSkTm e=1,6-10"" I
. . I MPP
Spectral Sensitivity:S(X)=2—}\’-nm Eph=h-f:h—7f>EG M
‘c
Operation of Photovoltaic Solar Cells and Modules
Standard Test Conditions:STC = T ,,=25°; AM =1.5; G= 1002W
m
Voo A% \Y
Fill Factor:FFzM " o
(VOC.ISC)
Open Circuit voltage: V ,.(T )=V ,.(25°)+ A VOC =V, o(25°)+a-V ,.(25°C)(T—25°C)
Short Circuit Current: V o.(T)=14.(25°)+ Al ¢ (25°)+B14.(25°C)(T—-25°C)
Maximum Power Point: P,,,,(T)=V ,.(25° )+AP = P,pp(25°)+y-P,(25°C)(T—25°C)
G w G . P yipp
Photo Current: I ,,(G)= STC =1,,(1000— ) ——  Efficiency n=—=——F—
pi(G)=1 gy ( >GSTC | m2) 1000 W i Y GA,

Thermal Behavior of the Modules

0:=5,67-10°W/(m*>K*) e:=emis. coef(Glass :0,88)  a.:=Absorp. coef.(Glass:0,7—0.,9)

ho= Byt ilp)”  hy:=421443575V ,  h:=1,78(Tp—T,)"
hrZSMod'O'<TiV+T(2).)'(TPV+T('))

Power frotheSun:Q:=a,,,G-4,,,

Long wave irradiation exchange:Q :=2-A,,,,-h,-(T p,—T,)

13
] 'AMod'(TPV_To)

cfiree

Convectionlosses:Q.:= [th hcﬂee

“‘QDOLG

P, QG (Q +Q) n=~r, /(G AMod)

Modelling: Equivalent Circuits:

I,(Saturation Curr.)=1,852-10"°4  k(SBC):=1,38046-10>J/K  m(Fit Fact.):=1,0..1,2

V+I-R,

5 V+I-R
1,—1(e™" —1)- —I1=0 V, —k—T—>V =0,026 V for T =(25+273)K
R I
p ’
V+I-R
n-m<Vvv V+IR
Fornssolarcell:Iph—ls-(e“ —1)- R ~—I=0=f (1
I’ls' p
Shading T v Vi
_tseG =I.-ala:= of Irr. Received )
1000 W imt
|
100% 100% i 100% \/
100% 26%
1
100% 100% v 100
100% 100% I 1
A A 4 4

N
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Grid Connection Photovoltaic Systems
Efficiency
European Efficiency:n=10,03-15+0,06-1,,+0,13-1,,+0,1-1,,+0,48-15,+ 0,2:m,,

Master Slave Operation or Team Operation

P/kW 0 12,5 25 50 75 100 125 150 200 250

P/P:oneunit | 0% 5% 10% 20% 30% 40% 50% 60% 80% 100%

Noneunit | 0,0% 580% |GH (90.5% (93.6% (941% |OAESA DAY [EEZ | | EEH

From the load factor 50% on both‘inverters ta@r the sa oad ’

PAW |0 25 K50 100 A 150 4200 |250 W |300 wl400 w500 V¥
P/Proneunic | 0% 5% 10% 20% 30% 40% 50% 60% 80% 100%
Nonewnit | 0,0% B 905% (941% |O98% EFXY A AR $FEY
. WDC WAC .
Effici.Of PV—Gen:0,py_coy:=—=—— N =—  Grouu=GCno, Tiltfaktor
G Irr. 'AArea WDC
P

Rated Power P.=G L;TC' A Ngre -

Nutod, sTC—= A~
GSTC' AMoa’

W G .d G odul = -Tiltfac OV‘A‘ = Mean. nV. —hno
Final Yield :Y ,:= ACI(D 7l ): Modul =G, Tiltfact ZWR MeanEfiny” VNPV —noisTC

YF’G:';TC: WAC — YF’Pr
G G-ANge G Ange

Wac of a Loacation X in a Year with n in Serial and m Parallel PV Modules:

Performance Ratio: PR :=

WLocat[onX = G LocationX " nser. mpar.A Mod” nMod —Not—STC' nlnv .T]Cab

Wiring and Cable Losses of a Grid connected PV System

_ MOdule’S Total _ _ lcable _ S m _ S m
ng,, = AU, i =2-1-R=2-J— ¢ =562 . =351
¢ Modules ,,.,; ostiPhase Kegpio® A “ 2 2
o perString cable 41 cable mm mm
/
_ 2 _ cable _ 2 _ cable
PL()()SeS*lPh*AC()VDC_z.[ ‘R=2-1- A PLoosesf3thAC0rDC_3'] ‘R=2-1- A
Kcable Kcable cable

cable




AV. /A3

Line

Grid Connection Issues

Llne }
VCon (2) act®” react
Con
P Q. AV N3 AV, /A3
A VLme \/3 RLme ]act+XLme [reacl) VPV: VSL_A VLine
P —-P
Iac Con: — Iuc = A RSL—ZZZSL—Z.Q/ km
# \/g v N tPV \/g . VN
0 P

R, =1, ,Qlkm 1I,,,=1I,, tan(arccos(cos(p)))=

react™ * act

—_— (p—i

- V3V VP Q?

A I/SL—IZ\/3 (RSL—I.(IactC0n+IlactPV)+XSL—1.(IreactCon+IreactPV))
AV1—2:\/3(Rl—z’(IPVacn'v)+X1—2'(1PVreactiv)) VisVa=AVg Vo=V, =AV, .,

Characteristics of Batteries

Q,,=Chargein Ahintothe battery ~ Qp,,=Chargein Ahinthe battery
Qou=Chargein Ahinthe battery

Q = out QBatt

in in

Battery SOC from tl to t2

WAC

BauTotal ™ Y pc— 4¢ N Batow” N BapOD

DOD = SOC==——=1-DOD W

. _ BattTotal _ _ Z Loadh- lh
Capacity 3, = % Wovi-0=Gu_o Awaipvarea AT Npy Npe-pe WLoadtI—t2_T]—
Olt puuy DCroAC
W,=W -W For Wy<0: W gy W gy —rel A
AT PVitl—t2 Load t1—12 o A . Battt2 ™™ Batttl ) BattOut

For W, >0:W , =W, +W, soC AT
or A . Battt2 ™~ Batttl A T]Battln (7

WBattT otal



SOLAR THERMAL SYSTEM

Absorbtion coeff. =a; Reflection factor=p; Transmission coef. =1

(n)= Absorbed rqdiqtion <1  a(r)+p(r)+T(A)=1  Becauseof isolationt=0>a=1—p
Total radiation

Power Output and Efficiency
T =Transmission coeff. Of cover G Q

S
[ =Absor. coeff. of absorber

G =Power of Irradiation

A

Oy=0... =Useful power transferred to heat fluid L J

Qs =Reflection losses of the glass cover Q T
. C
O =Reflection losses of the absorber k %
; - - o
O loss =Power emitted in the long wave area + losses /A% /\ f\
\

due to convection

T 4, =Temerature of absorber
T 4 =Ambient temperature
. Construction of a collector
a,a, a, =Given parameters of collector
Qgps. Teop =g =Optic losses

Q.Use:<G.A.TAbSA)_al.A.<TAbSA_TAmb)_CZZ'A'(TAbsA_TAmb)z
0 a a
ncOlz:m:aAb.s.'Tcov_El'(TAbs._TAmh)_G_z'(TAbs._TAmb)z
0 a
nCollzmzao_El'<TAbs._TAmh)_6'<TAbs._TAnzb)2 < B

Heat insulation
material with
heat conductivity
A

m | Mass of water in store Ts, | Temperature of water in store

Thermal Stores: |

c 4,1868 kJ / (kg*K) = specific heat of water | Ty, | Ambient temperature Fluid with

. . . . Cylinder tep Ty Heat transfer
h Height of Cylinder d Diameter of Cylinder cooff. . from
_ outer side of the
Ug, | Heat transfer coefficient Ag, | Surface area insulation
Pipe heat transfer material to air
1 Length of the Pipe (temp T,,.)
. 2
d d-n
Q_C.m'(TSt_TAmbA) ASt_z(E)'n'h'i'l'( 4 ) QLass_USt'ASt'(TSt_TAmbA)
- n =] . . _ ' : : G,
UPipe = d 0= lPipe U pipe (TFluid TAmb) gl Osorr=G 4 Uhe
S (S — =2 s
. . 2 e ‘ .
2 >\‘ di (X'O dO <QHeat TAmb
= - '
Operational behaviour $ v
. . . . d c -m-dT AT ‘ :
G,A,n_Q ) _Q _Q o QHeal: p St:c m- St QP"I”" QSlare
pipe Use Loss dt dt P A ¢
Gsotar
t . . . .
ATSI_A .(G'A'n_QPipe_QSmre_QUse)
Cpm
Qoﬁ’er ( Solar)

Solar Fraction: SF =

Q demand

Rough design of solar thermal systems




Q Required heat energy

c 4,19kJ/(kg’K)

m Mass of warm water of
temperature T, (m=V-p)

AT Temperature of warm water T,
minus temperature of cold

water T, surface of absorber

A Surface of absorber ) Mean efficiency
G Mean irradiation per day A% Volumen of required Water
p Density of Water 1kg//

QrequiredHeat:m'c.AT:V.p'c.(THot_TCold)

requiredArea — G-§

A

Concentration Reflecting Trough Collectors

Ar Reflector surface = apeture F Absorber surface = Ax/C
Rs Distance Sun Earth = (¢} Temperature of AbsorberStefan
0,695-10°%km Bolzmann law. 5,67-10° W-m-
Z-K—4
C Concentration Factor Ts Temperature of Sun = 5777K
Cmax=46211
Gots Direct radiation Taps | Temperature of Absorber
Guoo | Radition with reaches pars | Reflection coeff. Of reflecotr
earthsurface =(1/pr)
PR Reflection coeff. Of reflector PAbs Reflection coeff. Of
obsorber=(1/pr)
Uabs Heat transmission coeff. Of OR Emission coeff of reflector =(1-
absorber in W/(m*K) PR)
Tamb Ambient temperature Quoen | Useful Power
Mpo Mass Flow cp Heat capacity
A R Gg4-mR;
. Abs. 1 _ s - 4 _ S T s
Concentration Facor :C= = > G,=0-T; = >
Cmax (AE) 43'13(AE)
R2
G -A.=0-T*4. ——  G.-Ad.=F-o-T*
0 Ar— s AR 2 0" AR=1"0"1 yps
(4E)
2
4= 4'M—T4~(L)-)T =T7..4 .
Abs. T * s 2 s C Abs.— © S C
(AE> F max “max
Engergy onaperture comming f romthe sun=G-A,  Energy absorptiononreflector =o.,- G- A,
. _ L : _ : R
Engergy reflectiononabsorber as F = A,/ C:=pp ;G- F=p,p, G el
. AR
Engergy convection losses onabsorber :=U F«T , —T, )= UA'F'(TAbs._TAmb)
Emitted by absorber:=¢ , -F-o-(T*, —T" )= Ar, (1, —T1° )
milieda engergy by absoroer .= SAbsA Y Abs. Amb) ™ SAbsA C Y Abs. Amb
. . U
_ A
O0v=G A pp(1=p 1)~ G-C (T 4y =T 4y) = €41 O]
0 U € 'O
n A Abs. 4 4
n=- :pR(l_pAbx)_ : '(TAIL_TA b)_ : (T — T b)
G-A, WG A Al Gle A

QAbsA

Mass flow :m=
s CponAT



Wind Engergy Converters WEC

a Hellman-exponent Vi Velocity of Wind in 10 height I
A Scaling factor C Sharpe parameter ' A%
> 2
\ Wind speed before Rotor Vi Medium wind speed V1 A
> 2
Cp Power coeff. A Speed coefficient IA1 v 4>
. . 5 > 0 mdot,2
P Density of Air P Power per m m m P
dot,1
Pwina Power from Wind Ao Rotor Circle Area P 4} Dotl 4> 2
1
Py, Shaft power P Power fed to the Grid
Dependence of the wind speed on the height
Vu —p
. In(—)
vpmvig(—)  a=— D
H— V10" -
10-m In ( H ) 0
10-m
Conversation of wind speed v; of height h; to v, of height h,
h2
iz
_ 0
Vz(hz)—v1 (h2)-
hl
In(=4)
ZO

Idealised wid speed distribution
Weibull distribution

(c=1) (¥
C v % 0,434 \(
v)=—(— e =A4-(0,568+
rin=SY) (0.568+ 2434
For C=2 and A=(v,,2)/\(m) the Willbull-distribution goes over into the Rayleigh-distribution
~(Z)(2L)
_m(V 4,
f(V)—E'(—z)'e ’
vm
Example: v,= 7,0 m/s ; t=8760h ;v=5,0m/s; class of wind 4,95-5,05 m/s ; t in a year for this class of wind ?
2 x5y
m 5 m-S 7(_ (_) S
f(532)=E. 2. * 7 =0,1074-=
N 2 7os-m m

T(4,95—5,05%):O,1074~%~8760h~(|4,95—5,05|%):94h

Offered wind power

1N-m=1W-s:lkg lW—lkg Vo= %(v +v,)  m,=m,=n,
N m’ s’
1 P /4
PWindZE'p.AO.vé p:Z’[p]_?

Power coefficient cp und speed coefficient A : r=Rotor radius; n = Revolutions per second [n]=Hz; v = wind speed at hub
height in front of WEC

P —P, 1 v Voo P, 2-wr-n
CP:—; ' 225.(1+V—2)-<1—( v2> ): 7 . 7\.2# Py=P g Cp
Wind 1 ! E.p.AWEC.nmech'vr
Output electric power of a WEC:P,
1 1 dz'JT Pel
Pd:—‘p'A'V3”|"|:_' ———Cp'M vratedwindspeed:3
2 2" 4 L4
E.p- uCPnT‘l
Output energy

Example: A class of Wind speed 9,5 — 10,5 m/s; Av=1m/s; C=2,13 ; A=8,0 m/s (A=sklaling Faktor not Area)
10 2,13

(c-1) (10
2,35 (10-mls (5)
Slv)= 8-m ( 8mls ) ¢
WClass: PClass.TClass

=0,06859-%  T,.=0,06859 >-8760 h-12=600,8
m m S



