
(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)
(19) World Intellectual Property

Organization
International Bureau

(10) International Publication Number
(43) International Publication Date

14 August 2014 (14.08.2014)
WO 2014/121826 Al

P O P C T

(51) International Patent Classification: (74) Agent: AHRENGART, Kenneth; higenjor Baaths gata
H02J 1/10 (2006.01) H02J 3/36 (2006.01) 11, Mimer T2, Floor E, S-721 83 Vasteras (SE).
H02J 1/12 (2006.01) H02J 3/38 (2006.01)

(81) Designated States (unless otherwise indicated, for every
(21) International Application Number: kind of national protection available): AE, AG, AL, AM,

PCT/EP20 13/0523 14 AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY,
BZ, CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM,

(22) International Filing Date: DO, DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
6 February 2013 (06.02.2013) HN, HR, HU, ID, IL, IN, IS, JP, KE, KG, KM, KN, KP,

(25) Filing Language: English KR, KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD,
ME, MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI,

(26) Publication Language: English NO, NZ, OM, PA, PE, PG, PH, PL, PT, QA, RO, RS, RU,

(71) Applicant: ABB TECHNOLOGY LTD [CH/CH]; Affol- RW, SC, SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ,

ternstrasse 44, CH-8050 Zurich (CH). TM, TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA,
ZM, ZW.

(72) Inventors: MARINOPOULOS, Antonis; Bangatan 7B,
(84) Designated States (unless otherwise indicated, for everyS-72228 Vasteras (SE). DOUKAS, Dimitrios; L. K. Kara-

manli 142, GR-54248 Thessaloniki (GR). SASTRY, Jyoti; kind of regional protection available): ARIPO (BW, GH,

7109 Underwood Arbor Place, Cary, North Carolina 275 18 GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, SZ, TZ,
UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, TJ,(US). LAZARCZYK, Michal; ul. Grota-Roweckiego
TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,5 1B/76, PL-30-348 Krakow (PL). BAKAS, Panagiotis;
EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, FT, LT, LU, LV,Bangatan 7A, S-72228 Vasteras (SE). NALEPA, Ra-
MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK, SM,doslaw; Warta Boleslawiecka 46a, PL-59-720 Ra-
TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ, GW,

ciborowice (PL). AHMED, Sara; 2224 brisbane woods
ML, MR, NE, SN, TD, TG).way, Cary, North Carolina 27518 (US).

[Continued on nextpage]

(54) Title: SOLAR POWER PLANT, METHOD OF CONTROLLING A SOLAR POWER PLANT AND A DC/DC CONVER
SION SYSTEM

Fig. 1

(57) Abstract: A DC power conversion system, a solar power plant and a method of controlling a solar power plant are provided.
The DC power conversion system is adapted for converting low voltage DC power from a plurality of DC power sources (2a-n) to a
high voltage DC power transmission link. The DC power conversion system comprises a set of first DC/DC converters (4a-n), a me -

00 dium voltage DC grid (5) and a second DC/DC converter (6) that comprises a high voltage DC output (8). Each DC/DC converter
(4a-n) of the set of first DC/DC converters (4a-n) comprises a low voltage DC input (3a-n) adapted for connection to an array (2a-n)
of low voltage DC power sources. The medium voltage DC grid (5) connects the set of first DC/DC converters (4a) to the second
DC/DC converter (6). The solar power plant (1) comprises a plurality of photovoltaic modules as DC power sources and the DC
power conversion system, wherein the photovoltaic modules (PV1, PV2, PVj) are arranged in a plurality of arrays (2a-n), and each

o array (2a-n) is arranged to feed DC power to a respective input (3a-n) of the low voltage inputs (3a-n) of the DC power conversion
system. The method comprises controlling a power transfer from the arrays (2a-n) of interconnected photovoltaic modules (PV1,
PV2, PVj), to a high voltage DC connection (8). The method comprises a first step of converting (32), wherein DC power suppliedo from each array (2a-n) is converted into DC power at a medium voltage DC level, which conversion
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includes perfoming a voltage and power control of each array (2a-n), and a second step of converting (34), wherein the medium
voltage DC power is converted into DC power at a high voltage DC output (8) to a high voltage DC transmission link.



SOLAR POWER PLANT, M ETHOD O F CONTROLLING A SOLAR POWER PLANT AND A

DC/DC CONVERSION SYSTEM

Technical Field

The present disclosure relates to a DC/DC conversion system, a method for

controlling a solar power plant and a solar power plant.

Background

In a typical solar power plant, solar power are collected by a plurality of

photovoltaic devices transforming the solar power into DC (direct current) electric

power, which power is subsequently converted into AC (alternating current) electric

power of a power transmission grid.

US 2012/0212066 (El) describes a photovoltaic power system, wherein a number of

photovoltaic (or solar) panels (lOla-d in figure 2) are connected in a string t o an

AC/DC inverter (204). Each photovoltaic panel (lOla-d) is connected to the string

via a dedicated DC/DC converter (205a-d). Having one DC/DC converter for

controlling each photovoltaic panel can provide high efficiency for the photovoltaic

panels, but is rather costly for larger scale systems.

US 2011/0273917 (E2) illustrates a photovoltaic system wherein DC power from an

array of photovoltaic (PV) panels is converted into AC power and fed into a power

transmission grid. The system includes (see §13, §14) a utility grid adapted t o

provide AC power, a PV array adapted to provide DC power and a photovoltaic

interface adapted t o provide a direct interface with the PV array and the utility grid.

To reduce costs of such systems, the system of E2 integrates a PV system or array

(11) with a transmission or utility grid (12) using a photovoltaic interface (IGSI 13)

that replaces both a conventional inverter and distribution transformer. The PV

interface (13) provides a single DC/DC converter unit (33 in figure 9) that handles an

array of PV modules, instead of a single PV module. This system may be used for

conversion at low DC voltage levels and low AC voltage levels, for example 120/240



volts AC/DC (see §27), but E2 also suggests a solution for conversion of medium

high voltage levels, at about 20 kV (see §38). The interface (13) between an array of

PV modules and the grid, also provides active filtering and reactive power

compensation. However, E2 suggests a system or unit that includes many

components and has many intermediate steps resulting in a complex system,

increasing losses and costs (see figures 9 and 10).

Summary

It is an objective of the present disclosure to at least alleviate a problem in the prior

art in respect of energy production. For this purpose, a conversion system for

converting low voltage to high voltage is provided.

A high voltage output provides a suitable interface for power transmission with low

losses.

In accordance with the invention, a DC power conversion system for converting low

voltage DC power from a plurality of DC power sources, such as solar panels, t o a

high voltage DC power transmission link is provided. The DC power conversion

system comprises a set of first DC/DC converters, a medium voltage DC grid and a

second DC/DC converter that comprises a high voltage DC output. Each DC/DC

converter of the set of first DC/DC converters comprises a low voltage DC input,

each low voltage DC input being adapted for connection to an array of low voltage

DC power sources. The DC grid of a medium voltage level, connects the output

terminals of the set of first DC/DC converters t o input terminals of the second

DC/DC converter, and provides an all DC connection of the set of first DC/DC

converters and the second DC/DC converter. Thus, this DC power conversion system

provides a DC connection of the low voltage DC power sources to the high voltage

DC output, without any intermediate steps of AC power collection grid.

The system avoids costs related to conversion to an intermediate AC power grid.

Without conversion to AC power, and conversion up t o high voltage DC power, the



system provides an economic alternative to prior systems for further transfer of

power generated at, especially, large solar power plants. When arranging a solar

power plant at large distances from a power grid, the system provides an HVDC

output suitable for connection to a high power and high voltage DC link. The system

can also be used for storing and supplying energy by means of for example batteries

as DC power sources.

In an embodiment, each of the first DC/DC converters is an isolated DC/DC

converter. This has the benefit of providing electrical isolation between the DC

power sources and the medium voltage grid. Preferably also, the second DC/DC

converter is an isolated DC/DC converter providing isolation between the medium

voltage grid and a high voltage DC transmission system, and thus protects the first

DC/DC converters from high voltage.

In an embodiment, the set of first DC/DC converters are cascaded and serially

connected between input terminals of the second DC/DC converter.

In an alternative embodiment, each output of the first DC/DC converters is

connected, in parallel, t o the input terminals of the second DC/DC converter by

means of a bus bar.

In an embodiment, each DC/DC converter is adapted to perform a maximum power

point tracking control of a respective array of the low voltage DC power sources.

Using maximum power point control for an array of power sources reduces costs in

comparison to using maximum power point control of each DC power source. The

efficiency of each individual DC power source may be reduced when controlling an

array of DC power sources making the embodiment suitable especially for large

systems.



This disclosure also provides a solar power plant comprising a plurality of

photovoltaic modules as DC power sources and the DC power conversion system, as

described above. In this solar power plant, the photovoltaic modules are arranged

in a plurality of arrays, each array are arranged to feed DC power to a respective

input of the DC power conversion system.

This disclosure also provides a method of controlling a solar power plant. The

method includes controlling a power transfer from a plurality of arrays of

interconnected photovoltaic modules, to a high voltage DC connection. Especially,

the method comprises a first and a second step of conversion. The first step of

comprises converting DC power supplied from each array into DC power at medium

voltage DC level, which conversion preferably includes performing a maximum

power point control of each array. The second step of conversion comprises

converting the medium voltage DC power into DC power at a high voltage DC level

at the high voltage DC output. The second step of converting includes adapting the

high voltage DC level t o the voltage level of a high voltage DC transmission link.

In an embodiment, the first step of converting is performed by means of one

dedicated isolated DC/DC converter for each array.

In an embodiment, the second step of converting is performed by means of a single

medium to high voltage DC/DC converter, which medium to high voltage DC/DC

converter is arranged to receive the medium voltage DC power from each of the

isolated DC/DC converters.

In an embodiment, the method of controlling a solar power plant includes collecting

the medium voltage DC power from the first step of conversion by means of a serial

connection of the isolated DC/DC converters, the serial connection providing an

output being directly connected to an input of the medium to high voltage DC/DC

converter.



In an alternative embodiment, the method of controlling a solar power plant,

includes collecting the medium voltage DC power from the first step of conversion

at a DC bus bar, the bus bar being directly connected to respective outputs of the

isolated DC/DC converters and directly connected to an input of the medium to high

voltage DC/DC converter.

Brief Description of the Drawings

The invention is now described, by way of example, with reference to the

accompanying drawings, in which:

Fig l a is a schematic illustration of a first embodiment a solar power plant with

HVDC connection to a transmission system.

Fig 2 is a schematic illustration of a second embodiment of a solar power plant with

HVDC connection to a transmission system.

Fig 3 is a schematic illustration of a method of controlling a solar power plant

according to an embodiment of the invention.

Detailed Description

The invention will now be described more fully hereinafter with reference to the

accompanying drawings, in which certain embodiments of the invention are shown.

This invention may, however, be embodied in many different forms and should not

be construed as limited to the embodiments set forth herein; rather, these

embodiments are provided by way of example so that this disclosure will be

thorough and complete, and will fully convey the scope of the invention to those

skilled in the art.

In some countries low voltage power may be defined as up to lkV, medium voltage

as 3kV to 30 kV, and high voltage as 60 kV. The system of the invention may suitably

be adapted in accordance with such voltage levels.



This disclosure refers t o voltage levels of three different levels; low voltage, medium

voltage and high voltage. The low voltage range is used for DC voltages up t o 1.5 kV.

The medium voltage range refers t o DC voltages between 2 kV and 50 kV. High

voltage refers t o a DC voltage level from 60 kV and above.

Figure 1 illustrates a solar power plant 1 comprising a plurality of PV (photovoltaic)

arrays 2a, 2b,...,2n, wherein each PV array 2a-n comprises a plurality of

interconnected PV panels PV1, PV2, PVj. Each PV panel consists of one unit

comprising interconnected photovoltaic cells. Each PV panel is arranged t o receive

energy from sun light and transform the energy into electric DC energy. Each PV

array should typically include many PV panels, for example more than one thousand

panels t o produce DC power of about 0.5-3 MW. For clarity purposes, the figure

only illustrates six PV panels in each PV array 2a-n, but the number of PV panels in

each PV array 2a-n may, for example, be between 3000 t o 10000 panels, for

example 8000 PV panels in 320 parallel lines with 25 PV panels serially connected in

each line. The PV panels of each PV array 2a-n are arranged in series and in parallel

t o produce the electric DC power at an output (3a-n) of about 1000 V, such as up t o

1.5 kV. In the example each PV panel produce 250 W and 8000 PV panels produce 2

MW. In this example, 320 parallel lines PV panels producing DC electric power at

3.125 V yields a total of 1 kV at the common output (3a-n) of the PV panels of each

PV array 2a-n.

The choice of 1 kV is suitable in respect of international standards for operating

voltage levels of PV power plants. The proposed topology is, however, suitable for

voltage levels of about 1.5 kV. In literature, often AC voltage levels up t o 1 kV are

referred to as low voltage AC, and DC levels up t o 1.5 kV are referred t o as low

voltage DC.

The solar power plant 1 also comprises a plurality of DC/DC converters 4a, 4b, 4n

adapted for transforming input DC power from a lower voltage into DC power at a



higher voltage level. Each DC/DC converter 4a-n has a respective input 3a-n

connected t o the output of a respective PV array 2a-n. The DC/DC converters are

serially connected in a cascaded topology t o provide a medium voltage DC

collection grid 5 . The medium voltage DC grid 5 is connected t o the input of a

medium t o high voltage DC/DC converter 6, the output 8 of which provides DC

power of high voltage for subsequent transmission on a HVDC transmission link (not

illustrated). Each DC/DC converter 4a-n is controlled by a respective controller 9a-n.

Alternatively, a common controller may be used for a plurality or all DC/DC

converters 4a-n. Each controller 9a-n in the embodiment of figure 1, is a single

dedicated controller 9a-n incorporated in each DC/DC converter 4a-n to control the

DC/DC converter 4a-n. Each controller 9a-n is adapted t o control the DC power from

the respective PV array 2a-n by controlling the total voltage of the PV array 2a-n at

the respective input 3a-3n of the respective DC/DC converter 4a-n. The controller is

also adapted t o control the voltage of the DC power fed t o the collection grid 5 by

controlling the output voltage of the respective DC/DC converter 4a-n. The control

of each of the PV arrays 4a-n may suitably be based on maximum power point

(MPP) tracking of the total array 2a-n of PV modules. For these control purposes,

each controller 9a-n is adapted to monitor the DC voltage and DC current from each

array 2a-n so that the DC voltage can be controlled in relation t o the DC current, or

power, fed from the respective array 2a-n. This is in contrast t o systems having a

separate control, such as MPP tracking, of each PV module.

Thus, the solar power plant collects solar energy and connects (at 3a-n) the

produced electrical DC power from the PV arrays 2a-n at low voltage DC power t o a

high voltage DC power at the output 8 of the medium to high voltage DC/DC

converter 6 by means of a DC connection. This connection comprises a set of first

DC/DC converters 4a-n with a low voltage DC input, a medium voltage DC collection

grid 5 and a second DC/DC converter 6, i.e. the medium t o high voltage DC/DC

converter 6. The medium t o high voltage DC/DC converter 6 includes a controller 10

adapted for controlling the output power t o the high voltage DC connection 8 . In



this way, the solar power plant of figure 1, is controlled in two main control steps. A

first step wherein each controller 9a-n of the DC/DC converters 4a-n performs a

power and voltage control, such as maximum power point control, of each array 2a-

n of PV panels, and a second step wherein the controller 10 of the medium to high

voltage converter 6 controls the output voltage of the high voltage DC connection 8 .

Each DC/DC converter 4a-n of the cascaded DC/DC converters 4a-n is an isolated

DC/DC converter 4a-n. In this way a galvanic isolation is provided between the PV

arrays and the output 8 at the HVDC transmission system by means of the isolated

DC/DC converters 4a-n. The output of each DC/DC converter 4a-n includes a bypass

switch 7a-n, by means of which a faulty DC/DC converter 4a-n or faulty PV array 2a-

n can be bypassed.

Figure 2 illustrates a second embodiment of a solar power plant 11 comprising a

plurality of PV arrays 2a-n connected by means of a DC system t o a high voltage DC

output 8 for feeding the collected and transformed DC power t o a HVDC

transmission system. The PV arrays 2a-n are of the same type as in figure 1, and

each PV array 2a-n provides DC power at an input 3a-n of a respective first DC/DC

converter 4a-n. A medium voltage DC collection grid 15 of the DC interconnection

system connects the outputs of every DC/DC converter 4a-n to the input of a

second DC/DC converter 6, which is a medium to high voltage DC/DC converter 6

having an output 8 for the HVDC transmission system or link. The medium voltage

DC bus bar collection grid 15 comprises a first and a second bus bar conductor 15a,

15b. Each DC/DC converters 4a-n is connected t o the bus bar conductors 15a, 15b

of the medium voltage DC collection grid 15. Thus, the bus bar conductors 15a, 15b

are connected t o the input of the high voltage DC/DC converter 6.

Thus, the main difference between the embodiments of figures 1 and 2 are the

medium voltage DC collection grid; being cascaded DC/DC converters in a serial

connection to the input terminals of the medium t o high voltage DC/DC converter,



and parallel connections of the DC/DC converters to a bus bar connected to the

input terminals of the medium to high voltage DC/DC converter, respectively.

Galvanic isolation between the PV panels and the output 8 at the HVDC

transmission link is provided by means of the set of first DC/DC converters 4a-n,

where each of the first DC/DC converters is an isolated DC/DC converter 4a-n.

Figure 3 illustrates an embodiment of a method for converting power from a solar

power plant.

The method starts with collecting, step 31, low voltage DC power by means of a

plurality of arrays of interconnected PV modules.

Subsequent t o the step of collecting, the method includes a first step 32 of

conversion, wherein the collected low voltage DC power is converted into a medium

voltage DC power.

The collected low voltage DC power provides an input for the first step of

conversion. The collection and first step of conversion is controlled by means of a

dedicated DC/DC converter 4a-n for each array 2a-n of PV modules, which DC/DC

converters 4a-n preferably perform a maximum power point tracking for the

respective array 2a-n.

The medium voltage DC power, which is output from each DC/DC converter, is

collected 33 in a medium voltage DC grid 5, 15.

The last step 34 comprises converting the power from medium voltage DC into high

voltage DC, by means of the medium to high voltage DC/DC converter 6. The second

step of converting includes adapting the high voltage DC level t o the voltage level of

a high voltage DC transmission link, at output 8 .



The invention has mainly been described above with reference to a few

embodiments. However, as is readily appreciated by a person skilled in the art,

other embodiments than the ones disclosed above are equally possible within the

scope of the invention, as defined by the appended patent claims.



Claims

1. A DC power conversion system for converting low voltage DC power from a

plurality of DC power sources (2a-n) to a high voltage DC power transmission link,

the DC power conversion system comprising a set of first DC/DC converters (4a-n), a

medium voltage DC grid (5) and a second DC/DC converter (6) that comprises a high

voltage DC output (8), each DC/DC converter (4a-n) of the set of first DC/DC

converters (4a-n) comprises a low voltage DC input (3a-n), each low voltage DC

input (3a-n) being adapted for connection to an array (2a-n) of low voltage DC

power sources, the medium voltage DC grid (5) connects the set of first DC/DC

converters (4a) t o the second DC/DC converter (6).

2. A system according to claim 1, each of the first DC/DC converters (4a-n) being an

isolated DC/DC converter (4a-n).

3. A system according to claim 1 or 2, wherein the set of first DC/DC converters (4a-

n) are cascaded and serially connected between input terminals of the second

DC/DC converter (6).

4 . A system according to claim 1 or 2, wherein each of the first DC/DC converter (4a-

n) are connected in parallel t o the input terminals of the second DC/DC converter

(6) by means of a bus bar (15).

5 A system according to any of claims 1 to 4, each DC/DC converter (4a-n) being

adapted to perform a power control of low voltage power sources (PV1, PV2,

PVj) by controlling the output voltage of a respective array 2a-n of the low voltage

DC power sources.

6. A system according to claim 5, each DC/DC converter (4a-n) being adapted to

perform a maximum power point tracking control of a respective array 2a-n of the

low voltage DC power sources.



7 . A system according to any of claims 1 to 6, each of the first DC/DC converters (4a-

n) being adapted for receiving power at a low voltage level of up t o 1.5 kV.

8 . A solar power plant (1) comprising a plurality of photovoltaic modules as DC

power sources and a DC power conversion system according to any of claims 1-7,

wherein the photovoltaic modules (PV1, PV2, PVj) are arranged in a plurality of

arrays (2a-n), each array (2a-n) being arranged to feed DC power to a respective

input (3a-n) of the low voltage inputs (3a-n) of the DC power conversion system.

9 . A method of controlling a solar power plant (1) comprising controlling a power

transfer from a plurality of arrays (2a-n), each array (2a-n) comprising a plurality of

interconnected photovoltaic modules (PV1, PV2, PVj), t o a high voltage DC

connection (8), the method comprising:

a first step of converting (32), wherein DC power supplied from each array (2a-n) is

converted into DC power at a medium voltage DC level, which conversion includes

performing a voltage and power control of each array (2a-n),

a second step of converting (34), wherein the medium voltage DC power is

converted into DC power at a high voltage DC level at the high voltage DC output

(8), the second step of converting includes adapting the high voltage DC level t o the

voltage level of a high voltage DC transmission link.

10. A method of controlling a solar power plant (1) according to claim 8, the first

step of converting being performed by means of one dedicated isolated DC/DC

converter (4a-n) for each array (2a-2n).

11. A method of controlling a solar power plant (1) according to claim 10, the

second step of converting being performed by means of a single medium to high

voltage DC/DC converter (6), which medium to high voltage DC/DC converter (6)



being arranged to receive the medium voltage DC power from each of the isolated

DC/DC converters (4a-n).

12. A method of controlling a solar power plant (1) according to claim 11, the

second step of converting being performed by means of an isolated DC/DC

converter (6).

13. A method of controlling a solar power plant (1) according to any of claims 9-12,

including collecting the medium voltage DC power from the first step of conversion

at a DC bus bar (15), the bus bar (15) being directly connected to respective outputs

of the isolated DC/DC converters (4a-n) and directly connected to an input of the

medium to high voltage DC/DC converter (6).

14. A method of controlling a solar power plant (1) according to any of claims 9-12,

including collecting the medium voltage DC power from the first step of conversion

by means of a serial connection (5) of the isolated DC/DC converters (4a-n), the

serial connection (5) providing an output being directly connected to an input of the

medium to high voltage DC/DC converter (6).

15. A method of controlling a solar power plant (1) according to any of claims 8-13,

wherein performing the voltage and power control of each array (2a-n) comprises

performing a maximum power point tracking of each array (2a-n).
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