wo 2020/060785 A1 | 000K Y00 0 T O 0 0

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property '

Organization
=

International Bureau

(43) International Publication Date

(10) International Publication Number

WO 2020/060785 Al

26 March 2020 (26.03.2020) WIPOIPCT

(51) International Patent Classification:
GO1W 1/10 (2006.01) GOIW 1712 (2006.01)
GOIR 21/00 (2006.01) GO6F 17/50 (2006.01)

(21) International Application Number:
PCT/US2019/050193

(22) International Filing Date:
09 September 2019 (09.09.2019)

(25) Filing Language: English
(26) Publication Language: English
(30) Priority Data:
62/734,189 20 September 2018 (20.09.2018) US
16/393,136 24 April 2019 (24.04.2019) Us

(71) Applicant: ITRON, INC. [US/US]; 2111 N. Molter Road,
Liberty Lake, Washington 99019 (US).

(72) Inventors: MONFORTE, Frank; 2111 N. Molter Road,
Liberty Lake, Washington 99019 (US). SUKENIK, An-
drew; 2111 N. Molter Road, Liberty Lake, Washington
99019 (US).

(74) Agent: CAREY, John C. et al.; Artegis Law Group, LLP,
7710 Cherry Park Drive, Suite T104, Houston, Texas 77095
USs).

(81) Designated States (unless otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,

84

AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY, BZ,
CA, CH, CL, CN, CO, CR, CU, CZ, DE, DJ, DK, DM, DO,
DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT, 1IN,
HR, HU, ID, IL, IN, IR, IS, JO, JP, KE, KG, KH, KN, KP,
KR,KW,KZ, LA, LC,LK,LR, LS, LU, LY, MA, MD, ME,
MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ,
OM, PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA,
SC, SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN,
TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.

Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ,NA, RW, SD, SL, ST, SZ, TZ,
UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, TJ,
TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,
MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK, SM,
TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ, GW,
KM, ML, MR, NE, SN, TD, TG).

Published:

with international search report (Art. 21(3))

(54) Title: TECHNIQUES FOR FORECASTING SOLAR POWER GENERATION

e 600
65
I GENERATE SOLAR REGIONS }/ cot
GENERATE MAPPING BETWEEN SOLAR REGIONS AND PY | - 602
INSTALLATIONS

1
| GENERATE MEASUREMENT DEVICE DATA }/ 503

|

l GENERATE MAPPING BETWEEN MEASUREMENT DEVICES }/ €04

AND PV INSTALLATIONS

GENERATE PROTCTYPE PV INSTALLATION CLEAR-BKY 805
OUTPUT

l GENERATE ESTIMATED PV INSTALLATION CLEAR-SKY }// 808
OUTPUT

l

~ 807
| GENERATE MEASUREMENT DEVICE INDICES }/ 80

l

I GENERATE ESTIMATED PV INSTALLATION OUTPUT

I

GENERATE FORECAST DATA INDICATING PREDICTED PV - 809
NSTALLATION QUTPUT

}/ 608

(57) Abstract: A forecast engine generates a clear-sky solar power generation
level corresponding to a photovoltaic installation that resides within a geo-
graphical area. The clear-sky solar power generation level indicates an amount
of electricity generated by the photovoltaic installation under clear-sky condi-
tions. The forecast engine also generates a measurement device index corre-
sponding to a measurement device that resides proximate to the photovoltaic
installation. The measurement device index indicates an amount of cloud cov-
er present at the location where the measurement device resides. The forecast
engine then generates a solar power generation forecast for the geographical
area based on the clear-sky solar power generation level and the measurement
device index.
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TECHNIQUES FOR FORECASTING SOLAR POWER GENERATION

CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] This application claims the priority benefit of United States provisional

patent application titled, “Leveraging Data Collection Networks to Estimate Behind-
the-Meter Solar Generation,” filed on September 20, 2018 and having serial number
62/734,189, and claims the priority benefit of United States patent application titled,
‘Technigques for Forecasting Solar Power Generation,” filed on April 24, 2019, and
having serial number 168/393,136. The subject matter of these related applications is

hereby incorporated herein by reference.

BACKGROUND

Field of the Various Embodiments
[0002] Embodiments of the present invention relate generally to wireless network
communications and systems and, more specifically, to techniques for forecasting

solar power generation.

Description of the Related Art

[0003] Electricity providers typically distribute electricity via an electricity
distribution infrastructure to one or more downstream locations within a given area.
For example, an electricity provider could distribute electricity via a power grid to
various residences within a given county. Electricity providers usually monitor the
distribution and/or consumption of electricity in real time in order to scale electricity
production in response to varying levels of demand. For example, an electricity
provider could remotely read electricity meter data associated with one or more
downstream locations in order to estimate how much electricity needs to be

generated to meet a current level of demand for electricity.

[0004] In the same vein, electricity providers oftentimes analyze historical
electricity consumption data in an effort to make predictions regarding future demand
for electricity. Based on these predictions, electricity providers can pre-emptively
scale electricity production to meet anticipated demand, thereby improving the
efficiency with which electricity is provided. For example, an electricity provider could
identify one or more specific times of day when electricity consumption has historically

exceeded normal levels. The electricity provider could then increase electricity
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production to prepare for the specific time(s) of day when increased electricity

consumption is expected to occur.

[0005] With the introduction of various types of renewable energy, such as solar
energy, the amount of electricity that is consumed within a given area can be offset, to
a certain degree, by the amount of electricity that can be generated by solar power
systems within that area. Accordingly, the amount of electricity that needs to be
generated for the given area is equal to the demand for electricity less the amount of
electricity that is generated via solar power systems. To accurately predict the
amount of electricity that needs to be generated for the given area at any given time,
the electricity provider needs to be able to predict the amount of electricity that is

generated by solar power systems within the given area at any given time.

[0006] One problem that electricity providers encounter, though, is that predicting
the amount of electricity that can be generated by the various solar power systems
within a given area can be quite difficult. In particular, solar power systems generally
have widely varying capabilities with respect to generating solar power. For example,
one solar power system could have ten photovoltaic panels that are optimally oriented
relative to the trajectory of the sun, while another solar power system could have one
photovoltaic panel that is poorly oriented relative to the trajectory of the sun. These
two solar power systems would generate vastly different amounts of electricity on
most, if not all, days. Further, the amount of electricity generated by a given solar
power system varies based on seasonal fluctuations in solar irradiance, weather
conditions, and other environmental factors. For example, a given solar power
system would typically generate greater amounts of electricity on clear summer days

than on cloudy winter days.

[0007] As a general matter, electricity providers lack the ability to reliably
determine the amount of electricity that can be generated by solar power systems
within a given area and therefore cannot accurately predict how much electricity
needs to be generated at any given time. Consequently, electricity providers can
have difficulty scaling electricity production to meet anticipated needs, thereby

reducing the efficiency with which electricity can be distributed to consumers.
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[0008] As the foregoing illustrates, what is needed in the art are more effective
ways to predict the amount of electricity generated by solar power systems within a

given area.

SUMMARY

[0009] Various embodiments include a computer-implemented method, including
generating a first clear-sky solar power generation level corresponding to a first
photovoltaic installation, wherein the first clear-sky solar power generation level
indicates an amount of electricity generated by the first photovoltaic installation under
clear-sky conditions, generating a first measurement device index corresponding to a
first measurement device, wherein the first measurement device index indicates an
amount of cloud cover present at a location where the first measurement device
resides, and generating a solar power generation forecast for a geographical area
based, at least in part, on the first clear-sky solar power generation level and the first

measurement device index.

[0010] At least one technological advantage of the disclosed techniques relative to
the prior art is that solar power generation can be accurately predicted within a given
geographical area, allowing electricity providers to scale electricity production to meet
anticipated demand within the geographical area. As a result, electricity providers

can supply electricity to consumers with greater efficiency.

BRIEF DESCRIPTION OF THE DRAWINGS

[0011] So that the manner in which the above recited features of the various
embodiments can be understood in detail, a more particular description of the
inventive concepts, briefly summarized above, may be had by reference to various
embodiments, some of which are illustrated in the appended drawings. It is to be
noted, however, that the appended drawings illustrate only typical embodiments of the
inventive concepts and are therefore not to be considered limiting of scope in any

way, and that there are other equally effective embodiments.

[0012] Figure 1 illustrates a network system configured to implement one or more

aspects of the various embodiments;

[0013] Figure 2 illustrates a geographical area where the network system of Figure

1 can be deployed, according to various embodiments;

3
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[0014] Figure 3 is a more detailed illustration of one of the measurement device

nodes of Figure 2, according to various embodiments;

[0015] Figure 4 is a more detailed illustration of the control center of Figure 2,

according to various embodiments;

[0016] Figure 5is a more detailed illustration of the forecast engine of Figure 4,

according to various embodiments; and

[0017] Figure 6 is a flow diagram of method steps for forecasting solar power

generation within a geographical area, according to various embodiments.

DETAILED DESCRIPTION

[0018] In the following description, numerous specific details are set forth to
provide a more thorough understanding of the various embodiments. However, it will
be apparent to one skilled in the art that the inventive concepts may be practiced

without one or more of these specific details.

[0019] As noted above, electricity providers oftentimes make predictions regarding
future demand for electricity in order to pre-emptively scale electricity production to
meet anticipated demand. However, the demand for electricity within a given region
at any given time depends on both the amount of electricity that is consumed within
the given area at the given time and the amount of electricity that is generated by
solar power systems within the given area at the given time. Accordingly, to
accurately predict the demand for electricity within the given region, the electricity
provider needs to predict the amount of electricity that can be generated by solar

power systems within the given region at the given time.

[0020] Predicting the amount of electricity that can be generated by solar power
systems within a given area can be quite difficult, though, for several reasons. First,
different solar power systems can generate different amounts of electricity. Second,
the amount of electricity generated by a given solar power system depends on
various environmental factors. Consequently, electricity providers can have difficulty
predicting the demand for electricity at any given time and may therefore have a

limited ability to scale electricity production to meet anticipated demand.
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[0021] To address these issues, various embodiments include a forecast engine
that is configured to forecast solar power generation within a given geographical area.
The forecast engine divides the geographical area into various solar regions having
differing clear-sky insolation parameters. The forecast engine then assigns a specific
solar region to each photovoltaic (PV) installation within the geographical region. The
forecast engine also identifies a set of measurement device (MD) nodes within the
geographical area that are capable of measuring solar insolation and assigns one or
more MD nodes to each PV installation. For any given PV installation, the forecast
engine determines a prototype PV installation that can be used to estimate clear-sky
solar power generation output. The forecast engine generally performs the above

operations offline in preparation for real-time forecasting operations.

[0022] Subseqguently, to perform real-time forecasting operations, the forecast
engine analyzes real-time measurement data output by the MD nodes representing
current insolation levels at various locations within the geographical area. Based on
this analysis, the forecast engine generates an MD index for each MD node that
represents a current amount of cloud cover. The forecast engine scales the clear-sky
solar power generation output of each PV installation based on the MD indices
generated for the assigned MD nodes to generate an estimated PV installation solar
power generation output corresponding to each location in the geographical area for a
current point in time. Based on the estimated PV installation output for the current
point in time, and based on various historical data and/or real-time data, the forecast

engine generates a solar power generation forecast for the geographical area.

[0023] At least one technological advantage of the disclosed techniques relative to
the prior art is that solar power generation can be accurately predicted within a given
geographical area, allowing electricity providers to scale electricity production to meet
anticipated demand within the geographical area. As a result, electricity providers
can supply electricity to consumers with greater efficiency. Another technological
advantage of the disclosed techniques is that solar power generation can be
approximated with reasonable accuracy independently of environmental factors such
as cloud cover, allowing electricity providers to scale electricity production
independently of seasonal changes, weather patterns, and so forth. Yet another
technological advantage of the disclosed techniques is that the current level of cloud

cover at a given location can be accurately estimated and used to improve the
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accuracy of approximations of solar power generation that do not consider
environmental factors such as cloud cover. These technological advantages

represent one or more technological advancements relative to prior art approaches.

System Overview
[0024] Figure 1 illustrates a network system configured to implement one or more
aspects of the present embodiments. As shown, network system 100 includes a field
area network (FAN) 110, backhaul networks 120, and a control center 130. FAN 110
is coupled to control center 130 via backhaul networks 120. Backhaul networks 120
include a cellular backhaul 122 that supports Internet protocol (IP) routing as well as a
wide-area network (WAN) backhaul 124 that similarly support IP routing. Control
center 130 is configured to coordinate the operation of FAN 110 via communications
across cellular backhaul 122 and WAN backhaul 124.

[0025] FAN 110 includes personal area network (PANs) A, B, and C. PANs A and
B are organized according to a mesh network topology, while PAN C is organized
according to a star network topology. Each of PANs A, B, and C includes at least one
border router node 112 and one or more mains-powered device (MPD) nodes 114.
PANs B and C further include one or more battery-powered device (BPD) nodes 116

and one or more solar-powered device (SPD) nodes 118.

[0026] MPD nodes 114 draw power from an external power source, such as mains
electricity or a power grid. MPD nodes 114 typically operate on a continuous basis
without powering down for extended periods of time. BPD nodes 116 draw power
from an internal power source, such as a battery. BPD nodes 116 typically operate
intermittently and power down for extended periods of time in order to conserve
battery power. SPD nodes 118 include solar panels that generate power from
sunlight. SPD nodes 118 store generated power in secondary cells and draw power

from those secondary cells to support node operations.

[0027] MPD nodes 114, BPD nodes 116, and SPD nodes 118 are coupled to, or
included within, a utility distribution infrastructure (not shown) that distributes a
resource to consumers. MPD nodes 114, BPD nodes 116, and SPD nodes 118
gather sensor data related to the distribution of the resource, process the sensor data,

and communicate processing results and other information to control center 130.
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Border router nodes 112 operate as access points to provide MPD nodes 114, BPD

nodes 116, and SPD nodes 118 with access to control center 130.

[0028] Any of border router nodes 112, MPD nodes 114, BPD nodes 116, and
SPD nodes 118 are configured to communicate directly with one or more adjacent
nodes via bi-directional communication links. The communication links may be wired
or wireless links, although in practice, adjacent nodes of a given PAN exchange data
with one another by transmitting data packets via wireless radio frequency (RF)
communications. The various node types are configured to perform a technique
known in the art as “channel hopping” in order to periodically receive data packets on
varying channels. As known in the art, a “channel” may correspond to a particular
range of frequencies. In one embodiment, a node may compute a current receive
channel by evaluating a Jenkins hash function based on a total number of channels

and the media access control (MAC) address of the node.

[0029] Each node within a given PAN may implement a discovery protocol to
identify one or more adjacent nodes or “neighbors.” A node that has identified an
adjacent, neighboring node may establish a bi-directional communication link with the
neighboring node. Each neighboring node may update a respective neighbor table to
include information concerning the other node, including the MAC address of the
other node as well as a received signal strength indication (RSSI) of the

communication link established with that node.

[0030] Nodes may compute the channel hopping sequences of adjacent nodes to
facilitate the successful transmission of data packets to those nodes. In embodiments
where nodes implement the Jenkins hash function, a node computes a current
receive channel of an adjacent node using the total number of channels, the MAC
address of the adjacent node, and a time slot number assigned to a current time slot

of the adjacent node.

[0031] Any of the nodes discussed above may operate as a source node, an
intermediate node, or a destination node for the transmission of data packets. A
given source node may generate a data packet and then transmit the data packet to a
destination node via any number of intermediate nodes (in mesh network topologies).
The data packet may indicate a destination for the packet and/or a particular

sequence of intermediate nodes to traverse in order to reach the destination node. In
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one embodiment, each intermediate node may include a forwarding database

indicating various network routes and cost metrics associated with each route.

[0032] In addition, any of the nodes discussed above can be configured to operate
as access points for other nodes included in FAN 110. For example, one or more
MPD nodes 114 and one or more SPD nodes 118 could be configured as access
points for different or overlapping portions of FAN 110. Further, those MPD node(s)
114 and SPD node(s) 118 could be configured to coordinate load balancing of

network traffic across different backhaul networks 120.

[0033] Nodes may transmit data packets across a given PAN and across one or
more backhaul networks 120 to control center 130. Similarly, control center 130 may
transmit data packets across one or more backhaul networks 120 and across any
given PAN to a particular node included therein. As a general matter, numerous
routes may exist which traverse any of PANs A, B, and C and include any number of
intermediate nodes, thereby allowing any given node or other component within
network system 100 to communicate with any other node or component included

therein.

[0034] Control center 130 includes one or more server machines configured to
operate as sources for, or destinations of, data packets that traverse within network
system 100. The server machines may query nodes within network system 100 to
obtain various data, including raw or processed sensor data, power consumption
data, node/network throughput data, status information, and so forth. The server
machines may also transmit commands and/or program instructions to any node
within network system 100 to cause those nodes to perform various operations. In
one embodiment, each server machine is a computing device configured to execute,
via a processor, a software application stored in a memory to perform various network
management operations, as described in greater detail below in conjunction with

Figure 4.

[0035] Nodes may likewise include computing device hardware configured to
perform processing operations and execute program code. Each node may further
include various analog-to-digital and digital-to-analog converters, digital signal

processors (DSPs), harmonic oscillators, transceivers, and any other components
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generally associated with RF-based communication hardware, as described in greater

detail below in conjunction with Figure 3.

[0036] Any of border router nodes 112, MPD nodes 114, BPD nodes 116, and
SPD nodes 118 can be configured as an MD node that is configured to measure the
current level of insolation at a particular location and report the current level of
insolation, periodically and/or in real time, to control center 130. As referred to herein,
the term “insolation” refers to the amount of solar radiation that reaches a given
location. Figure 2 illustrates a set of MD nodes deployed across a geographical area

in conjunction with FAN 110 of Figure 1.

[0037] Figure 2 illustrates a geographical area where the FAN of Figure 1 can be
deployed, according to various embodiments. As shown, geographical area 200 is
divided into different solar regions 202 that include various premises 210 configured
with different PV installations 212. A given premise 210 could be, for example, a
residence where one or more solar panels are installed, a commercial building that is
configured with a solar power system, a parking lot that includes a solar panel
canopy, and so forth. Each premise 210 is coupled to an electricity provider 220 that
supplies electricity to the different premises 210 via an electricity distribution

infrastructure. Electricity provider 220 is coupled to control center 130 of Figure 1.

[0038] As mentioned above in conjunction with Figure 1, any of border router
nodes 112, MPD nodes 114, BPD nodes 116, and SPD nodes 118 of Figure 1 can be
configured as a measurement device that measures the current level of insolation at a
particular location. As is shown, various nodes that are configured as MD nodes 230
are deployed within geographical area 200 in conjunction with FAN 110. MD nodes
230 are coupled to control center 130 via wired or wireless connections. Each MD
node 230 can communicate with control center 130 directly or via one or more

intermediate nodes that may or may not be configured as MD nodes 230.

[0039] Control center 130 is configured to obtain measurement data from MD
nodes 230 indicating the current levels of insolation at the locations where MD nodes
230 are deployed. Based on this measurement data and various other data, control
center 130 generates forecast data. The forecast data indicates a predicted amount

of electricity generated by PV installations 212 within geographical area 200 over
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some future interval. Based on the forecast data, electricity provider 220 can scale

electricity production up or down in order to meet anticipated demand for electricity.

[0040] For example, if control center 130 forecasts an increase in solar power
generation over a subsequent fifteen-minute interval, then electricity provider 220
could scale down electricity production during that fifteen-minute interval. In this
situation, electricity provider 220 could scale electricity production down because the
increase in solar power generation would at least partially offset the current demand
for electricity. Similarly, if control center 130 forecasts a decrease in solar power
generation over a subsequent fifteen-minute interval, then electricity provider 220
could scale electricity production up during that fifteen-minute interval. In this
situation, electricity provider 220 would scale electricity production up in order to

compensate for the predicted decrease in solar power generation.

Hardware Overview
[0041] Figure 3 is a more detailed illustration of one of the MD nodes of Figure 2,
according to various embodiments. As shown, an MD node 230 includes a computing
device 300 coupled to a transceiver 340, an oscillator 350, and a PV device 360.
Computing device 300 coordinates the operations of MD node 230. Transceiver 340
is configured to transmit and receive data packets across network system 100 using a
range of channels and power levels. Oscillator 350 provides one or more oscillation
signals according to which the transmission and reception of data packets can be
scheduled. PV device 360 generates real-time measurements indicating the current

insolation level at the location where MD node 230 is deployed.

[0042] Computing device 300 includes a processor 310, input/output (I/O) devices
320, and memory 330, coupled together. Processor 310 may include any hardware
configured to process data and execute software applications. Processor 310 may
include a real-time clock (RTC) (not shown) according to which processor 310
maintains an estimate of the current time. 1/0O devices 320 include devices configured
to receive input, devices configured to provide output, and devices configured to both
receive input and provide output. Memory 330 may be implemented with any

technically feasible storage medium.

10
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[0043] Memory 330 includes a measurement engine 332 and measurement data
334. Measurement engine 332 includes program code that, when executed by
processor 212, interacts with PV device 360 to generate measurement data 334
representing the current insolation level at the location where MD node 230 is
deployed. Measurement engine 332 also transmits measurement data 334 to control
center 130 in real time and/or at periodic intervals. Control center 130 is described in

greater detail below in conjunction with Figure 4.

[0044] Figure 4 is a more detailed illustration of the control center of Figure 2,
according to various embodiments. As shown, control center 130 includes one or
more computing devices 400. Each computing device 400 may, in some
embodiments, be configured as a server computing device within a datacenter
associated with control center 130. The one or more computing devices 400
generally coordinate the operations of FAN 110, and, specifically, interact with MD
nodes 230 in order to generate forecast data, as discussed above in conjunction with

Figure 2.

[0045] Computing device 400 includes a processor 410, input/output (I/O) devices
420, and memory 430, coupled together. Processor 410 may include any hardware
configured to process data and execute software applications. 1/O devices 420
include devices configured to receive input, devices configured to provide output, and
devices configured to both receive input and provide output. Memory 430 may be

implemented by any technically feasible storage medium.

[0046] Memory 430 includes a forecast engine 432 and a database 434, coupled
together. Forecast engine 432 includes program code that, when executed by
processor 410, processes measurement data 334 received from MD nodes 230 in
conjunction with various other data stored in database 434 to generate forecast data
436. Forecast data 436 represents a real-time prediction of solar power generation
within geographical area 200 over a future interval. In order to generate forecast data
436, forecast engine 432 executes nine separate processes that are described in

greater detail below in conjunction with Figure 5.

Forecast Engine Software Description
[0047] Figure 5is a more detailed illustration of the forecast engine of Figure 4,

according to various embodiments. As shown, forecast engine 432 includes

11
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processes 1, 2, 3,4, 5,6, 7, 8and 9. Forecast engine 432 executes processes 1-9 in
order to forecast solar power generation within geographical region 200 in the manner
previously described. In one embodiment, forecast engine 432 may execute
processes 1-6 offline before solar power generation forecasting is to occur.
Subsequently, forecast engine 432 may execute processes 7-9 in real time in order to
perform real-time solar power generation forecasting. Forecast engine 432 executes
processes 1-9 based on various data that is described in greater detail below. When
executing processes 1-9, forecast engine 432 generates and stores various data in

database 434, as described in greater detail herein.

[0048] When executing process 1, forecast engine 432 divides geographical area
200 into the different solar regions 202 discussed above in conjunction with Figure 2
to generate solar region data (SR data) 501. SR data 501 indicates one or more
different types of boundaries that define regions with similar insolation characteristics.
Forecast engine 432 can generate SR data 501 based on physical connectivity
between premises 210 and various elements of the electricity distribution
infrastructure, including substations, transformers, and so forth. Alternatively,
forecast engine 432 can generate SR data 501 based on geospatial boundaries,
including zip codes, city/county boundaries, and so forth. Forecast engine 432 can
also generate SR data 501 based on climate zones associated geographical area
200. SR data 501 includes latitude and longitude data for the centroid of each solar
region defined in SR data 501, as well as clear-sky insolation values for each such

centroid.

[0049] When executing process 2, forecast engine 432 assigns a different solar
region to each PV installation 212 within geographical area 200 to generate SR-to-PV
installation mapping 502. SR-to-PV installation mapping 502 indicates, for each PV
installation 212 and corresponding premise 210, a specific solar region set forth in SR
data 501. SR-to-PV installation mapping 502 also indicates location information
associated with each premise, such as address, latitude, longitude, and so forth, and
system information associated with each PV installation 212, such as system

capacity, operating efficiency, and other system characteristics.

[0050] When executing process 3, forecast engine 432 collects data associated
with each MD node 230 to generate MD data 503. MD data 503 indicates, for any

given MD node 230, the type of measurement device, installation parameters

12
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associated with the MD node, data output parameters associated with the MD node,
and other measurement device-specific data. Based on location data included in MD
data 503, forecast engine 432 assigns a solar region to each MD node 230 and then

updates MD data 503 to indicate, for each MD node 230, the assigned solar region.

[0051] When executing process 4, forecast engine 432 maps one or more MD
nodes 230 to each different PV installation 212 to generate MD-to-PV installation
mapping 504. For a given PV installation 212, forecast engine 432 analyzes some or
all MD nodes 230 and identifies one or more of those MD nodes 230 that can
accurately measure the insolation level at the given PV installation 212. In doing so,
forecast engine 432 determines the distance between each MD node 230 and the
given PV installation 212, the bearing of PV devices 360 associated with each MD
node 230 relative to PV panels associated with the given PV installation 212, and a
quality of measurement for each MD node 230. Forecast engine 432 then computes
a weighted sum of the resultant data to generate a score for each MD node 230.
Forecast engine 432 maps the one or more MD nodes 230 having the highest scores
to the PV installation 212. By performing the above operations across some or all PV

installation 212, forecast engine 432 generates MD-to-PV installation mapping 504.

[00562] When executing process 5, forecast engine 432 estimates the output of a
set of prototype PV installations under clear-sky conditions to generate prototype PV
installation clear-sky output. Forecast engine 432 analyzes data associated with a
given PV installation 212 and identifies, within a library of prototype PV installations, a
specific prototype PV installation with system characteristics that are similar to the
given PV installation 212. Forecast engine 432 then determines the estimated power
generation output of the prototype PV installation within the solar region assigned to
the given PV installation 212 under clear-sky conditions. In doing so, forecast engine
432 could, for example, evaluate a parametric model of a prototype PV installation to
estimate solar power generation for the prototype PV installation. In one
embodiment, forecast engine 432 may execute process 5 to generate output

estimates for each combination of prototype PV installation and solar region.

[0053] When executing process 6, forecast engine 432 estimates the output of
each PV installation 212 under clear-sky conditions to generate estimated PV
installation clear-sky output 506. Forecast engine 432 analyzes the prototype PV

installation clear-sky output for a given PV installation 212 and scales that estimated
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output based on one or more configuration parameters associated with the given PV
installation 212. For example, if the given PV installation 212 includes N solar panels,
and the corresponding prototype PV installation is defined for 1 panel, then forecast
engine 432 could multiple the output of the prototype PV installation by N to arrive at
an estimated output for the PV installation 212. Forecast engine 432 performs these
operations across some or all PV installations to generate estimated PV installation

clear-sky output 506.

[0054] When executing process 7, forecast engine 432 processes measurement
data 334 provided by MD nodes 230 to generate MD indices 507. Each MD index
507 indicates the current level of cloud cover at the location where a corresponding
MD node 230 resides. To generate a given MD index 507 for a corresponding MD
node 230 at a specific date and time, forecast engine 432 computes the maximum
expected output of the corresponding MD node 230 at the specific date and time.
Forecast engine 432 then scales the measurement data 334 associated with the
corresponding MD node 230 relative to that maximum expected output to produce the
given MD index, which is a value between zero and one. Forecast engine 432 can
determine the maximum expected output of the given MD node 230 at the specific
date and time based on historical measurement data and/or clear-sky insolation

estimates corresponding to the location where the given MD node 230 resides.

[0055] When executing process 8, forecast engine computes the estimate solar
power generation for each PV installation 212 to generate estimated PV installation
output 508. To generate the estimated PV installation output 508 for a given PV
installation 212, forecast engine 432 first identifies the MD node 230 corresponding to
the given PV installation 212 based on MD-to-PV installation mapping 504 generated
via process 4. Forecast engine 432 then determines, based on MD indices 507, the
particular MD index associated with that MD node 230. Finally, forecast engine 432
multiplies the estimated PV installation clear-sky output 506 associated with the given
PV installation 212 by the MD index. In this fashion, forecast engine 432 scales the
estimated PV installation clear-sky output relative to an estimate of the current level of
cloud cover. The resultant estimated PV installation output 508 represents the total

amount of electricity that is produced within geographical area 200 at the current time.

[00566] When executing process 9, forecast engine 432 processes the estimated

PV installation output 508 that is generated via process 8 and then applies a
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predictive model to extrapolate this data over some future interval to generate
forecast data 509. Forecast data 509 indicates the predicted solar power generation
across geographical area 200. Forecast engine 432 can implement Machine
Learning to generate the predictive model. In particular, forecast engine 432 can
analyze historical PV installation output and/or historical MD indices in conjunction
with historical weather data. Based on this analysis, forecast engine 432 modifies
various parameters of the predictive model to describe how PV installation output
and/or MD indices change in response to changing weather conditions. Based on
forecast data 509, electricity provider 220 advantageously can scale electricity
production in proportion to expected changes in solar power generation, thereby

increasing the efficiency with which electricity can be supplied to consumers.

[0057] Figure 6 is a flow diagram of method steps for forecasting solar power
generation within a geographical area that is serviced by a utility provider, according
to various embodiments. Although the method steps are described in conjunction
with the systems of Figures 1-5, persons skilled in the art will understand that any
system configured to perform the method steps in any order falls within the scope of

the present embodiments.

[0068] As shown, a method 600 begins at step 601, where forecast engine 432 of
Figure 4 generates a set of solar regions 202. Each solar region 202 defines a
portion of geographical area 200 having similar insolation parameters. Forecast
engine 432 can generate a given solar region based on power grid connectivity,
geospatial boundaries, and/or climate zones. Forecast engine 432 performs step 601

when executing process 1 of Figure 5.

[0059] At step 602, forecast engine 432 generates a mapping between solar
regions and solar installations. In particular, forecast engine 432 assigns a specific
solar region to each different PV installation 212. Forecast engine 432 generally
assigns a given solar region to a given PV installation 212 based on the location of
the given PV installation 212. Forecast engine 432 performs step 602 when

executing process 2 of Figure 5.

[0060] At step 603, forecast engine 432 generates measurement device data. The
measurement device data generated via step 603 indicates various installation

parameters associated with MD nodes 230 as well as a specific assignment of solar
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region that is generated by forecast engine 432 based measurement device location.

Forecast engine 432 performs step 603 when executing process 3 of Figure 5.

[0061] At step 604, forecast engine 432 generates a mapping between MD nodes
and PV installations. In particular, forecast engine 432 determines one or more MD
nodes 230 that reside proximate to any given PV installation 212, have similar
installation parameters as the given PV installation 212, and provide measurement
data with at least a minimum level of quality and associates the given PV installation
212 with the one or more MD nodes 230. Forecast engine 432 performs step 604

when executing process 4 of Figure 5.

[0062] At step 605, forecast engine 432 generates a prototype PV installation
clear-sky output for each PV installation. Forecast engine maps each PV installation
212 to a particular prototype PV installation within a library of prototype PV
installations. The prototype PV installation for a given PV installation 212 generally
has similar system, installation, and/or operational parameters as the given PV
installation 212. Forecast engine 432 then estimates the electrical output of each
prototype solar PV installation. Specifically, for a given prototype PV installation
associated with a given PV installation 212, forecast engine 432 applies a theoretical
model of insolation to compute the insolation level at the PV installation 212 and/or
within the solar region where the PV installation 212 resides. Forecast engine 432
then applies a theoretical model of solar power generation to compute the output the
prototype PV installation based on the computed insolation level. Forecast engine

432 performs step 605 when executing process 5 of Figure 5.

[0063] At step 606, forecast engine 432 generates an estimated PV installation
clear-sky output based on the corresponding PV installation clear-sky output
generated at step 605. Forecast engine 432 scales the prototype PV installation clear-
sky output generated at step 606 based on various system and/or environmental
factors associated with each corresponding PV installation 212. Forecast engine 432

performs step 606 when executing process 6 of Figure 5.

[0064] At step 607, forecast engine 432 generates measurement device indices for
the various MD nodes analyzed at step 603. A given MD index corresponding to a
particular MD node 230 at a particular date and time represents the current level of

cloud cover at the particular MD node 230 at the particular date and time. Each MD
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index is a value between zero and one and is computed by forecast engine 432
based on real-time measurement data 334 and based on an expected maximum
output for each MD node 230. Forecast engine 432 performs step 607 when

executing process 7 of Figure 5.

[0065] At step 608, forecast engine 432 generates an estimated PV installation
output for each PV installation within the geographical area. Forecast engine 432
modifies the estimated PV installation clear-sky output generated via step 606 to
correct for the potential presence of cloud cover. In so doing, forecast engine 432
scales each estimated PV installation clear-sky output relative to an MD index
associated with a corresponding PV installation. Forecast engine 432 performs step

608 when executing process 8 of Figure 5.

[0066] At step 609, forecast engine 432 generates forecast data indicating
predicted PV installation output. Forecast engine 432 implements a predictive model
that can be generated by processing historical PV installation output and/or historical
MD indices in conjunction with corresponding weather data. Then, forecast engine
432 can apply Machine Learning techniques to model how PV installation output
and/or historical MD indices change in response to weather. Forecast engine 432

performs step 609 when executing process 9 of Figure 5.

[0067] In sum, a forecast engine is configured to forecast solar power generation
within a given geographical area. The forecast engine divides the geographical area
into various solar regions having differing clear-sky insolation parameters. The
forecast engine then assigns a specific solar region to each photovoltaic (PV)
installation within the geographical region. The forecast engine also identifies a set of
measurement device (MD) nodes within the geographical area that are capable of
measuring solar insolation and assigns one or more MD nodes to each PV
installation. For any given PV installation, the forecast engine determines a prototype

PV installation that can be used to estimate clear-sky solar power generation.

[0068] The forecast engine then analyzes real-time measurement data output by
the MD nodes representing current insolation levels at various locations within the
geographical area. Based on this analysis, the forecast engine generates an MD
index for each MD node that represents a current amount of cloud cover. The

forecast engine scales the clear-sky solar power generation output of each PV
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installation based on the MD indices generated for the assigned MD nodes to
generate an estimated PV installation solar power generation output corresponding to
each location in the geographical area for a current point in time. Based on the
estimated PV installation output for the current point in time, and based on various
historical data and/or real-time data, the forecast engine generates a solar power

generation forecast for the geographical area.

[0069] At least one technological advantage of the disclosed techniques relative to
the prior art is that solar power generation can be accurately predicted within a given
geographical area, allowing electricity providers to scale electricity production to meet
anticipated demand within the geographical area. As a result, electricity providers
can supply electricity to consumers with greater efficiency. Another technological
advantage of the disclosed techniques is that solar power generation can be
approximated with reasonable accuracy independently of environmental factors such
as cloud cover, allowing electricity providers to scale electricity production
independently of seasonal changes, weather patterns, and so forth. Yet another
technological advantage of the disclosed techniques is that the current level of cloud
cover at a given location can be accurately estimated and used to improve the
accuracy of approximations of solar power generation that do not consider
environmental factors such as cloud cover. These technological advantages

represent one or more technological advancements relative to prior art approaches.

[0070] 1. Some embodiments include a computer-implemented method,
comprising generating a first clear-sky solar power generation level corresponding to
a first photovoltaic installation, wherein the first clear-sky solar power generation level
indicates an amount of electricity generated by the first photovoltaic installation under
clear-sky conditions, generating a first measurement device index corresponding to a
first measurement device, wherein the first measurement device index indicates an
amount of cloud cover present at a location where the first measurement device
resides, and generating a solar power generation forecast for a geographical area
based, at least in part, on the first clear-sky solar power generation level and the first

measurement device index.

[0071] 2. The computer-implemented method of clause 1, wherein generating the
first clear-sky solar power generation level comprises generating an estimated clear-

sky solar power generation level based on a first insolation level associated with the

18



10

15

20

25

WO 2020/060785 PCT/US2019/050193

first photovoltaic installation, and modifying the estimated clear-sky solar power
generation level based on at least one configuration parameter associated with the

first photovoltaic installation.

[0072] 3. The computer-implemented method of any of clauses 1-2, wherein
generating the estimated clear-sky solar power generation level comprises evaluating

a parametric model of a photovoltaic installation based on the first insolation level.

[0073] 4. The computer-implemented method of any of clauses 1-3, wherein
modifying the estimated clear-sky solar power generation level comprises multiplying
the estimated clear-sky solar power generation level by a number of solar panels

included in the first photovoltaic installation.

[0074] 5. The computer-implemented method of any of clauses 1-4, wherein
generating the first clear-sky solar power generation level comprises generating a first
solar region associated with the geographical area based on at least one physical
attribute of the geographical area, assigning the first solar region to the first
photovoltaic installation based on a first location where the first photovoltaic
installation resides, mapping the first photovoltaic installation to a first prototype
photovoltaic installation based on at least one operational parameter associated with
the first photovoltaic installation, and evaluating a parametric model of the first
prototype photovoltaic installation based on an insolation level associated with the

first solar region.

[0075] 6. The computer-implemented method of any of clauses 1-5, wherein the at
least one physical attribute of the geographical area comprises a topology associated

with an electricity distribution infrastructure that resides within the geographical area.

[0076] 7. The computer-implemented method of any of clauses 1-6, wherein the at
least one physical attribute of the geographical area comprises a first geospatial

boundary that demarcates a first portion of the geographical area.

[0077] 8. The computer-implemented method of any of clauses 1-7, wherein the at
least one physical attribute of the geographical area comprises a first climate zone

corresponding to a first portion of the geographical area.
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[0078] 9. The computer-implemented method of any of clauses 1-8, wherein
assigning the first solar region to the first photovoltaic installation comprises
determining that the first location is included within a first portion of the geographical

area that is associated with the first solar region.

[0079] 10. The computer-implemented method of any of clauses 1-9, wherein
mapping the first photovoltaic installation to the first prototype photovoltaic installation
comprises determining, based on a library of prototype photovoltaic installations, that
the first prototype photovoltaic installation is associated with the at least one

operational parameter.

[0080] 11. Some embodiments include a non-transitory computer-readable
medium storing program instructions that, when executed by a processor cause the
processor to perform the steps of generating a first clear-sky solar power generation
level corresponding to a first photovoltaic installation, wherein the first clear-sky solar
power generation level indicates an amount of electricity generated by the first
photovoltaic installation under clear-sky conditions, generating a first measurement
device index corresponding to a first measurement device, wherein the first
measurement device index indicates an amount of cloud cover present at a location
where the first measurement device resides, and generating a solar power generation
forecast for a geographical area based, at least in part, on the first clear-sky solar

power generation level and the first measurement device index.

[0081] 12. The non-transitory computer-readable medium of clause 11, wherein
the step of generating the first clear-sky solar power generation level comprises
generating an estimated clear-sky solar power generation level based on a first
insolation level associated with the first photovoltaic installation, and modifying the
estimated clear-sky solar power generation level based on at least one configuration

parameter associated with the first photovoltaic installation.

[0082] 13. The non-transitory computer-readable medium of any of clauses 11-12,
wherein generating the estimated clear-sky solar power generation level comprises
evaluating a parametric model of a photovoltaic installation based on the first

insolation level.
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[0083] 14. The non-transitory computer-readable medium of any of clauses 11-13,
wherein modifying the estimated clear-sky solar power generation level comprises
multiplying the estimated clear-sky solar power generation level by a number of solar

panels included in the first photovoltaic installation.

[0084] 15. The non-transitory computer-readable medium of any of clauses 11-14,
wherein the step of generating the first measurement device index comprises
determining a maximum output level that is associated with the first measurement
device and corresponds to a current point in time, determining a current output level
that is associated with the first measurement device and corresponds to the current
point in time, and scaling the current output level based on the maximum output level

to generate a value between zero and one.

[0085] 16. The non-transitory computer-readable medium of any of clauses 11-15,
wherein determining the maximum output level comprises evaluating a historical
dataset to determine one or more historical output levels recorded prior to the current
point in time, and determining a maximum historical output level within the one or

more historical output levels.

[0086] 17. The non-transitory computer-readable medium of any of clauses 11-16,
wherein the step of generating the solar power generation forecast for the
geographical area comprises modifying the first clear-sky solar power generation level
based on the first measurement device index to generate a modified solar power
generation level for the first photovoltaic installation, and evaluating a predictive
model based on the modified solar power generation level and a current weather

dataset to generate the solar power generation forecast.

[0087] 18. The non-transitory computer-readable medium of any of clauses 11-17,
further comprising mapping the first measurement device to the first photovoltaic
installation based on a first proximity between the first measurement device and the

first photovoltaic installation.

[0088] 19. The non-transitory computer-readable medium of any of clauses 11-18,
wherein the predictive model comprises a Machine Learning model that is trained,
based on historical solar power generation levels associated with the first photovoltaic

installation and historical weather data, to predict changes in solar power generation
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levels associated with the first photovoltaic installation in response to changes in

weather data.

[0089] 20. Some embodiments include a system, comprising a memory that stores
a forecast engine, and a processor that, when executing the forecast engine, is
configured to perform the steps of generating a first clear-sky solar power generation
level corresponding to a first photovoltaic installation, wherein the first clear-sky solar
power generation level indicates an amount of electricity generated by the first
photovoltaic installation under clear-sky conditions, generating a first measurement
device index corresponding to a first measurement device, wherein the first
measurement device index indicates an amount of cloud cover present at a location
where the first measurement device resides, and generating a solar power generation
forecast for a geographical area based, at least in part, on the first clear-sky solar

power generation level and the first measurement device index.

[0090] Any and all combinations of any of the claim elements recited in any of the
claims and/or any elements described in this application, in any fashion, fall within the

contemplated scope of the present invention and protection.

[0091] The descriptions of the various embodiments have been presented for
purposes of illustration, but are not intended to be exhaustive or limited to the
embodiments disclosed. Many modifications and variations will be apparent to those
of ordinary skill in the art without departing from the scope and spirit of the described

embodiments.

[0092] Aspects of the present embodiments may be embodied as a system,
method or computer program product. Accordingly, aspects of the present disclosure
may take the form of an entirely hardware embodiment, an entirely software
embodiment (including firmware, resident software, micro-code, etc.) or an
embodiment combining software and hardware aspects that may all generally be

» o

referred to herein as a “module,” “system,” or “computer.” Furthermore, aspects of
the present disclosure may take the form of a computer program product embodied in
one or more computer readable medium(s) having computer readable program code

embodied thereon.
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[0093] Any combination of one or more computer readable medium(s) may be
utilized. The computer readable medium may be a computer readable signal medium
or a computer readable storage medium. A computer readable storage medium may
be, for example, but not limited to, an electronic, magnetic, optical, electromagnetic,
infrared, or semiconductor system, apparatus, or device, or any suitable combination
of the foregoing. More specific examples (a non-exhaustive list) of the computer
readable storage medium would include the following: an electrical connection having
one or more wires, a portable computer diskette, a hard disk, a random access
memory (RAM), a read-only memory (ROM), an erasable programmable read-only
memory (EPROM or Flash memory), an optical fiber, a portable compact disc read-
only memory (CD-ROM), an optical storage device, a magnetic storage device, or any
suitable combination of the foregoing. In the context of this document, a computer
readable storage medium may be any tangible medium that can contain, or store a
program for use by or in connection with an instruction execution system, apparatus,

or device.

[0094] Aspects of the present disclosure are described above with reference to
flowchart illustrations and/or block diagrams of methods, apparatus (systems) and
computer program products according to embodiments of the disclosure. It will be
understood that each block of the flowchart illustrations and/or block diagrams, and
combinations of blocks in the flowchart illustrations and/or block diagrams, can be
implemented by computer program instructions. These computer program
instructions may be provided to a processor of a general purpose computer, special
purpose computer, or other programmable data processing apparatus to produce a
machine. The instructions, when executed via the processor of the computer or other
programmable data processing apparatus, enable the implementation of the
functions/acts specified in the flowchart and/or block diagram block or blocks. Such
processors may be, without limitation, general purpose processors, special-purpose

processors, application-specific processors, or field-programmable gate arrays.

[0095] The flowchart and block diagrams in the figures illustrate the architecture,
functionality, and operation of possible implementations of systems, methods and
computer program products according to various embodiments of the present
invention of the present disclosure. In this regard, each block in the flowchart or block

diagrams may represent a module, segment, or portion of code, which comprises one
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or more executable instructions for implementing the specified logical function(s). It
should also be noted that, in some alternative implementations, the functions noted in
the block may occur out of the order noted in the figures. For example, two blocks
shown in succession may, in fact, be executed substantially concurrently, or the
blocks may sometimes be executed in the reverse order, depending upon the
functionality involved. [t will also be noted that each block of the block diagrams
and/or flowchart illustration, and combinations of blocks in the block diagrams and/or
flowchart illustration, can be implemented by special purpose hardware-based
systems that perform the specified functions or acts, or combinations of special

purpose hardware and computer instructions.

[0096] While the preceding is directed to embodiments of the present disclosure,
other and further embodiments of the disclosure may be devised without departing
from the basic scope thereof, and the scope thereof is determined by the claims that

follow.
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WHAT IS CLAIMED IS:

1. A computer-implemented method, comprising:

generating a first clear-sky solar power generation level corresponding to a first
photovoltaic installation, wherein the first clear-sky solar power
generation level indicates an amount of electricity generated by the first
photovoltaic installation under clear-sky conditions;

generating a first measurement device index corresponding to a first
measurement device, wherein the first measurement device index
indicates an amount of cloud cover present at a location where the first
measurement device resides; and

generating a solar power generation forecast for a geographical area based, at
least in part, on the first clear-sky solar power generation level and the

first measurement device index.

2. The computer-implemented method of claim 1, wherein generating the first
clear-sky solar power generation level comprises:
generating an estimated clear-sky solar power generation level based on a first
insolation level associated with the first photovoltaic installation; and
modifying the estimated clear-sky solar power generation level based on at
least one configuration parameter associated with the first photovoltaic

installation.

3. The computer-implemented method of claim 2, wherein generating the
estimated clear-sky solar power generation level comprises evaluating a parametric

model of a photovoltaic installation based on the first insolation level.

4 The computer-implemented method of claim 2, wherein modifying the
estimated clear-sky solar power generation level comprises multiplying the estimated
clear-sky solar power generation level by a number of solar panels included in the first

photovoltaic installation.

5. The computer-implemented method of claim 1, wherein generating the first

clear-sky solar power generation level comprises:
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generating a first solar region associated with the geographical area based on
at least one physical attribute of the geographical area;

assigning the first solar region to the first photovoltaic installation based on a
first location where the first photovoltaic installation resides:;

mapping the first photovoltaic installation to a first prototype photovoltaic
installation based on at least one operational parameter associated with
the first photovoltaic installation; and

evaluating a parametric model of the first prototype photovoltaic installation

based on an insolation level associated with the first solar region.

6. The computer-implemented method of claim 5, wherein the at least one
physical attribute of the geographical area comprises a topology associated with an

electricity distribution infrastructure that resides within the geographical area.

7. The computer-implemented method of claim 5, wherein the at least one
physical attribute of the geographical area comprises a first geospatial boundary that

demarcates a first portion of the geographical area.

8. The computer-implemented method of claim 5, wherein the at least one
physical attribute of the geographical area comprises a first climate zone

corresponding to a first portion of the geographical area.

9. The computer-implemented method of claim 5, wherein assigning the first solar
region to the first photovoltaic installation comprises determining that the first location
is included within a first portion of the geographical area that is associated with the

first solar region.

10.  The computer-implemented method of claim 5, wherein mapping the first
photovoltaic installation to the first prototype photovoltaic installation comprises
determining, based on a library of prototype photovoltaic installations, that the first
prototype photovoltaic installation is associated with the at least one operational

parameter.
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11. A non-transitory computer-readable medium storing program instructions that,
when executed by a processor cause the processor to perform the steps of:
generating a first clear-sky solar power generation level corresponding to a first
photovoltaic installation, wherein the first clear-sky solar power
generation level indicates an amount of electricity generated by the first
photovoltaic installation under clear-sky conditions;
generating a first measurement device index corresponding to a first
measurement device, wherein the first measurement device index
indicates an amount of cloud cover present at a location where the first
measurement device resides; and
generating a solar power generation forecast for a geographical area based, at
least in part, on the first clear-sky solar power generation level and the

first measurement device index.

12.  The non-transitory computer-readable medium of claim 11, wherein the step of
generating the first clear-sky solar power generation level comprises:
generating an estimated clear-sky solar power generation level based on a first
insolation level associated with the first photovoltaic installation; and
modifying the estimated clear-sky solar power generation level based on at
least one configuration parameter associated with the first photovoltaic

installation.

13.  The non-transitory computer-readable medium of claim 12, wherein generating
the estimated clear-sky solar power generation level comprises evaluating a

parametric model of a photovoltaic installation based on the first insolation level.

14.  The non-transitory computer-readable medium of claim 12, wherein modifying
the estimated clear-sky solar power generation level comprises multiplying the
estimated clear-sky solar power generation level by a number of solar panels included

in the first photovoltaic installation.

15.  The non-transitory computer-readable medium of claim 11, wherein the step of

generating the first measurement device index comprises:

27



10

15

20

25

30

WO 2020/060785 PCT/US2019/050193

determining a maximum output level that is associated with the first
measurement device and corresponds to a current point in time;

determining a current output level that is associated with the first measurement
device and corresponds to the current point in time; and

scaling the current output level based on the maximum output level to generate

a value between zero and one.

16.  The non-transitory computer-readable medium of claim 15, wherein
determining the maximum output level comprises:
evaluating a historical dataset to determine one or more historical output levels
recorded prior to the current point in time; and
determining a maximum historical output level within the one or more historical

output levels.

17.  The non-transitory computer-readable medium of claim 11, wherein the step of
generating the solar power generation forecast for the geographical area comprises:
modifying the first clear-sky solar power generation level based on the first
measurement device index to generate a modified solar power
generation level for the first photovoltaic installation; and
evaluating a predictive model based on the modified solar power generation
level and a current weather dataset to generate the solar power

generation forecast.

18.  The non-transitory computer-readable medium of claim 11, further comprising
mapping the first measurement device to the first photovoltaic installation based on a
first proximity between the first measurement device and the first photovoltaic

installation.

19.  The non-transitory computer-readable medium of claim 11, wherein the
predictive model comprises a Machine Learning model that is trained, based on
historical solar power generation levels associated with the first photovoltaic
installation and historical weather data, to predict changes in solar power generation
levels associated with the first photovoltaic installation in response to changes in

weather data.
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20. A system, comprising:
a memory that stores a forecast engine; and
a processor that, when executing the forecast engine, is configured to perform
5 the steps of:
generating a first clear-sky solar power generation level corresponding
to a first photovoltaic installation, wherein the first clear-sky solar
power generation level indicates an amount of electricity
generated by the first photovaltaic installation under clear-sky
10 conditions,
generating a first measurement device index corresponding to a first
measurement device, wherein the first measurement device
index indicates an amount of cloud cover present at a location
where the first measurement device resides, and
15 generating a solar power generation forecast for a geographical area
based, at least in part, on the first clear-sky solar power

generation level and the first measurement device index.
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