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Welcome to the 23rd NREL Pyrheliometer Comparisons 
NPC-2022 

26 September – 7 October 2022 
Solar Radiation Research Laboratory 

Golden, Colorado 
 
The purpose of NPCs https://aim.nrel.gov/npc.html is to provide participants with current World 
Radiometric Reference (WRR) reduction factors for their absolute cavity radiometers and other 
reference pyrheliometers based on results from the 13th International Pyrheliometer Comparisons (IPC-
XIII) conducted 27 September – 15 October 2021 at the Physikalisch-Meteorologisches Observatorium 
Davos/World Radiation Center (PMOD/WRC).  Information about IPC-XIII is available 
from :   http://www.pmodwrc.ch 
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SRRL Staff 
NREL Metrology Laboratory & Sensing and Predictive Analytics (SePA) group 

 
  
Afshin Andreas NREL Cavity Operations, NPC data processing, Computer Issues 
Aron Habte   General Assistance 
Mark Kutchenreiter  Electrical Power, Tools, Electronics and Hardware, NREL Cavity  
    Operations, Solar trackers 
Martina Stoddard  Host (Security, Logistics, Food) 
Ibrahim Reda NPC Data review, General Cavity Assistance 

 
SRRL Location 

Solar Radiation Research Laboratory 
(SRRL) 

Latitude:    39.742 N 
Longitude:    105.18 W 
Elevation:    1828.8 m AMSL 
Mean Station Pressure: 820 mBar 
Time Zone:    (GMT – 7.0) 
Phone:    303-384-6326 
Emergency Phone:  1234 (on-site) 
 

Telephone Numbers: 
 
  EMERGENCY = 303-384-6811 

Or 
1 2 3 4    (From any NREL Desk Phone) 

 
   SRRL  = 303-384-6326 

 
Safety 
  Emergency Phone:  RED BOX UNDER INSTRUMENT DECK 
          OR Press 1 2 3 4   from any NREL extension 
 
  Evacuation Assembly Area:  Northeast Corner of Parking Area 
 
Security 
  Phone: 303-384-6811 or Press 6811 from any NREL extension 
 

NREL Visitor Badges issued on first day of NPC at the Visitor 
Center.  Please wear your badge at all times at SRRL. 
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Communications 
   
  Local (Long Distance):  9 – (1) Area Code – Number 
 
Internet Access: 

NREL_Wireless was replaced with NREL-Guest. The new system does 
not require a user ID and password for access. Users, including visitors 
and partners, will only need to accept the terms of the acceptable use 
policy to gain access. The acceptable use policy will be presented each 
time your mobile device has been away from NREL for several days. 

 
Food & Beverages 
 
  Non-alcoholic Beverages and snacks provided 
 
Equipment Storage 
 
  Please use designated areas in SRRL staging areas. 
 

 
Dinner on Wednesday (September 28th)   
 
Please join us for the NPC Dinner! 

Dinner will be at Outback steakhouse.  

Boisterous Australian-themed chain serving steaks, seafood & other hearty steakhouse fare. 

Located in: Denver West Village 

Address: 14295 W Colfax Ave, Lakewood, CO 80401 

Menu: places.singleplatform.com 

We will meet for dinner around 6:30 PM. 
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NPC Schedule and Protocol Summary 
 
1.  Schedule 
 
 DAY # 1  September 26th   

a. Visitor check-in at NREL Site Entrance Building, 15013 Denver West Parkway, Golden, 
CO 80401.   

  Please plan to arrive at NREL between 07:00 and 08:00 MDT. 
b. Drive to SRRL – Call 303-384-6326 and stay on the phone till the gate opens remotely. 
c. 08:30 MDT - Equipment Installation & tests: 

Dry Weather - See the outdoor seating diagram below for your workstation. 
Wet Weather – Assemble and bench test your equipment inside SRRL. 
Locate your equipment and review seating charts 

d. Review of NPC Protocol 
    e. Review measurement protocol and procedures. 
 f. 10:00 to Sunset - Practice and/or NPC measurements (weather permitting) 
 
   DAYS #2-12:  27 September through 07 October (Daily, including the weekend): 
     
 a.  Clear sky = Take Measurements! 
          -Arrive at SRRL by 08:00 MDT 
          -Equipment warm-up for at least 30-minutes 
   -First Cavity Calibration at 08:55 MDT 
          -Begin comparison "Runs" by 09:00 MDT (08:00 MST) 
          -Continue measurements until sundown or the clouds interfere. 
 b.  Cloudy sky = No Measurements, but optionally... 
            -Review of previous day's data analyses 
            -Technical Briefings on Radiometry, Measurement Network Operations, etc. 
            -Equipment Test 
            -Office Time (wireless available) 
     c.  We will determine the need for continued measurements at the end of each day. 
 
2.  Time Keeping 
       -All time records will be Mountain Standard Time (MST) 
       -Outdoor time display with automated loudspeaker announcements will be available. 
       -We need to keep all PC clocks in agreement to better than 1 second. 
       -Set your system clock at the daily start-up or as often as needed to keep 1-second 

accuracy.  Check personal computer clocks during the day. 
 
3.  Minimum Data Set 
     Our goal for a minimum data set for these comparisons is to measure irradiance during 

three different days (all day or portion).  Historically, we have acquired more 2,000 data 
values for each participating cavity radiometer.  At least 300 data values are needed to 
provide a valid transfer of the WRR to the participating radiometers. 
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4.  Measurements 
 Do NOT apply any previous WRR correction factors to your measurements. 
 Use only the factory calibration factor to adjust your data. As in the past, we will use the 

following terms: 
       "Calibrate" = Perform electrical calibration and wait for next measurement period to begin  

  "Read"     = A measurement of direct irradiance within 1 sec of announcement at 30-sec 
intervals. 

  "Run"     =  Collection of 49 readings taken in sequence (also called a Series). 
 
       The Timekeeper will make the following announcements for each Run: 
 
  Next Run Begins at HH:MM (MST)  [HH:MM (MDT)] 
  T minus 6 minutes.  BEGIN CALIBRATION 
     T minus 3 minutes 
  T minus 2 minutes 
  T minus 1 minute 
  T minus 30 sec 
  T minus 10 sec 
  T minus 5 - 4 - 3 - 2 - 1 - READ! 
    
  Continued countdowns at 30 sec intervals until 49 readings have completed a “Run”  
 
6.  Data Transfer 
      The following standard data format will be used by each participant to be accepted by our 

new data processing software; Link: https://aim.nrel.gov/Calibrations/NPC/data_format.pdf 
 
 

After the last daily RUN, and before equipment tear-down, email your data file to 
afshin.andreas@nrel.gov and ibrahim.reda@nrel.gov. Cavity calibration files are not 
needed.  

 
7.  Data Processing 
  - Described in each NPC published/distributed report. 
 
8.  Data Reporting 

-Our goal is to provide each participant with results next day: 
https://aim.nrel.gov/npcprelim 

 
  -A final report will be published by NREL within two months of the comparisons. 
 
9.  Equipment Storage 
  -Each participant will be given space to store systems at SRRL. 
        -Please let us know if you wish to have any electronics connected to AC power while in 

storage.  
 
10.  Courtesies 

-Please get permission before touching someone else's equipment (turning off power 
strips, adjusting trackers, etc.) to prevent inadvertent data loss. 
-Please return borrowed tools to owner. 

 



 

page 7 of 9  

East P
atio

 (o
n
 p
o
le
s): B

re
ake

r # M
LP
2 ‐ 33 &

 35

D
arrie

n
 R
e
ich

le
r

Ib
rah

im
 R
e
d
a

M
ark K

u
tch

e
n
re
ite

r

A
fsh

in
 A
n
d
re
as

M
ich

ae
l D

o
n
ke
rs

B
in
g‐Q

ian
 W

u

K
u
n
‐W

e
i Lin

G
e
rm

an
 W

e
ath

e
r Se

rvice
 

(D
W
D
)

Ste
fan

 W
acke

r

M
arku

s Su
te
r

P
M
O
D
/W

R
C

D
avo

s In
stru

m
e
n
ts

W
o
lfgan

g Fin
ste

rle

D
an
ie
l P
e
re
z A

stu
d
illo

D
u
n
ia  B

ach
o
u
r

A
kram

 Essn
id

A
gu
stin

 Lagu
ard

a C
iriglian

o

2A
P
 (N

R
EL p

ro
vid

e
d
)

M
atth

e
w
 P
e
rry

B
ru
sag (A

R
M
 p
ro
vid

e
d
)

D
ilip

 G
h
im

ire

B
e
n
ch
 # 1:     B

re
ake

r #  9

N
O
A
A

Ep
p
le
y (p

articip
an
t p

ro
vid

e
d
)

Em
ie
l H

all
To
m
 K
irk

B
ru
sag (A

R
M
 p
ro
vid

e
d
)

EK
O
 (P

articip
an
t p

ro
vid

e
d
)

So
u
th
 A
frican

 W
e
ath

e
r Se

rvice
s 

B
righ

to
n
 M
ab
asa

San
kara R

ao
 Tam

ad
a

N
atio

n
al In

stitu
d
e
 o
f So

lar an
d
 

W
in
d
 En

e
rgy (N

ISE &
 N
IW

E), In
d
ia

SO
LYS‐G

D
 (N

R
EL p

ro
vid

e
d
)

Ep
p
le
y (p

articip
an
t p

ro
vid

e
d
)

N
ikh

il P
attath

 G
o
p
i

Tracke
r In

fo

O
rgan

izatio
n
al N

am
e

P
articip

an
t N

am
e
s

EK
O
 (p

articip
an
t p

ro
vid

e
d
)

Ju
lian

 Le
ll

2A
P
 (N

R
EL p

ro
vid

e
d
)

SO
LYS (P

articip
an
t p

ro
vid

e
d
)

A
b
d
u
llah

 K
alan

tan

A
b
d
u
lm

aje
e
d
 A
lb
ab
tin

M
o
h
am

ad
 A
lm

o
am

ar

Jam
e
s M

artin

EK
O
 In
stru

m
e
n
ts

Je
n
n
ife

r M
e
ye
r

A
b
d
u
llah

 A
l A

d
w
an
i

K
in
g A

b
d
u
llah

 C
ity fo

r A
to
m
ic 

an
d
 R
e
n
e
w
ab
le
 En

e
rgy 

(K
A
C
A
R
E)

D
O
E A

tm
o
sp
h
e
ric R

ad
iatio

n
 

M
e
asu

re
m
e
n
t (A

R
M
) P

ro
gram

A
kih

ito
  A
kiyam

a
C
raig W

e
b
b

Ep
p
le
y Lab

o
rato

ry

A
lle

n
 Jo

rd
an

Jim
  W

e
n
d
e
ll

Lo
gan

 So
ld
o

R
yan

 M
u
sick

W
illiam

 B
e
u
tte

ll

Se
rvicio

 M
e
te
o
ro
ló
gico

 

N
acio

n
al, A

rge
n
tin

a

Scie
n
ce
 Syste

m
s an

d
 

A
p
p
licatio

n
s In

c (SSA
I) / 

N
A
SA

 Lan
gle

y

Fre
d
e
rick D

e
n
n

C
am

p
b
e
ll Scie

n
tific In

c.

Jo
se
 M
ario

 P
o

Lib
yan

 C
e
n
te
r fo

r So
lar En

e
rgy 

R
e
se
arch

 an
d
 Stu

d
ie
s 

B
e
n
ch
 # 3:    B

re
ake

r #  2

EK
O
 (p

articip
an
t p

ro
vid

e
d
)

Ep
p
le
y (p

articip
an
t p

ro
vid

e
d
)

B
ryan

  Fab
b
ri

U
n
ive

rsid
ad

 d
e
 la R

e
p
ú
b
lica, Lab

o
rato

rio
 

d
e
 En

e
rgía So

lar, U
ragu

ay

SR
R
L In

stru
m
e
n
t P

latfo
rm

B
re
ake

r #1

EK
O
 (N

R
EL p

ro
vid

e
d
)

San
d
ia N

atio
n
al Lab

o
rato

rie
s 

(SN
L)

Q
atar En

viro
n
m
e
n
t &

 En
e
rgy 

R
e
se
arch

 In
stitu

te

EK
O
 (p

articip
an
t p

ro
vid

e
d
)

ISO
‐C
al N

o
rth

 A
m
e
rica

Erik N
aran

e
n

R
o
b
e
rt D

o
lce

SO
LYS (N

R
EL p

ro
vid

e
d
)

U
n
ive

rsity o
f O

re
go
n

N
atio

n
al C

e
n
tral U

n
ive

rsity, 

Taiw
an

Jo
sh
  P
e
te
rso

n

R
ich

ard
 K
e
ssle

r

B
e
n
ch
 # 4:    B

re
ake

r #  11

N
R
E
L P

yrh
e
lio

m
e
te
r C

o
m
p
a
riso

n
s 20

2
2

O
u
td
o
o
r Sea

tin
g D

ia
gra

m

N
ISE &

 N
IW

E, In
d
ia

(p
yran

o
m
e
te
rs o

n
ly)

N
ikh

il P
attath

 G
o
p
i

San
kara R

ao
 Tam

ad
a

B
ru
sag (A

R
M
 p
ro
v.)

Extra tracke
r o

n
 

p
o
le

B
e
n
ch
 # 2:    B

re
ake

r #  7

B
e
n
ch
 # 5:    B

re
ake

r #  3

Tab
le
 To

p
    B

re
ake

r #  5

EK
O
 (p

articip
an
t p

ro
vid

e
d
)

C
h
arle

s R
o
b
in
so
n

H
u
kse

flu
x Th

e
rm

al Se
n
so
rs 

B
.V
.

Jo
rge

n
 K
o
n
in
gs

EK
O
 (p

articip
an
t p

ro
vid

e
d
)

B
e
n
ch
 # 6:    B

re
ake

r #  6

Extra Sp
ace

N
atio

n
al R

e
n
e
w
ab
le
 En

e
rgy Lab

 

(N
R
EL)



 

page 8 of 9 

Participant Contact Information 
 

Full Name  Affiliation  E‐mail 

Major McGee  Atlas Material Testing Technology  Major.McGee@ametek.com 

William Beuttell  Campbell Scientific Inc.  wbeuttell@campbellsci.com 

Matthew Perry  Campbell Scientific Inc.  mperry@campbellsci.com 

Markus Suter  Davos Instruments AG  markus.suter@davos‐instruments.ch 

Craig Webb 
DOE Atmospheric Radiation 
Measurement (ARM) Program  craigw@ops.sgp.arm.gov 

James Martin 
DOE Atmospheric Radiation 
Measurement (ARM) Program  jmartin@ops.sgp.arm.gov 

Akihito  Akiyama  EKO Instruments Japan  akiyama@eko.co.jp 

Dilip Ghimire  EKO Instruments USA  dilip.ghimire@eko‐instruments.com 

Jennifer Meyer  EKO Instruments USA  jennifer.meyer@eko‐instruments.com 

Jose Mario Po  EKO Instruments USA  mario.po@eko‐instruments.com 

Jim  Wendell  Eppley Laboratory  info@eppleylab.com 

Tom Kirk  Eppley Laboratory  tomkirk@eppleylab.com 

Stefan Wacker  German Weather Service (DWD)  stefan.wacker@dwd.de 

Jorgen Konings  Hukseflux Thermal Sensors B.V.  jorgen.konings@hukseflux.com 

Michael Donkers  Hukseflux Thermal Sensors B.V.  chiel.donkers@hukseflux.com 

Erik Naranen  ISO‐Cal North America  enaranen@isocalnorthamerica.com 

Robert Dolce  ISO‐Cal North America  rdolce@isocalnorthamerica.com 

Kun‐Wei Lin 
Keelung Weather Station, Central 
Weather Bureau, Taiwan  adenins@gmail.com 

Abdullah Al Adwani 
King Abdullah City for Atomic and 
Renewable Energy ‐ KACARE  a.adwani@energy.gov.sa 

Abdullah Kalantan 
King Abdullah City for Atomic and 
Renewable Energy ‐ KACARE  a.kalantan@energy.gov.sa 

Abdulmajeed 
Albabtin 

King Abdullah City for Atomic and 
Renewable Energy ‐ KACARE  a.babtin@energy.gov.sa 

Mohamad 
Almoamar 

King Abdullah City for Atomic and 
Renewable Energy ‐ KACARE  Mohamad.Moamar@moenergy.gov.sa 

Bing‐Qian Wu  National Central University, Taiwan  brave815527@gmail.com 

Nikhil Pattath Gopi 
NATIONAL INSTITUTE OF SOLAR 
ENERGY, GURGAON, INDIA  nikhilpg@nise.res.in 

Sankara Rao 
Tamada 

NATIONAL INSTITUTE OF WIND 
ENERGY, CHENNAI, INDIA  sankar@niwe.res.in 

Ibrahim Reda 
National Renewable Energy 
Laboratory   ibrahim.reda@nrel.gov 

Afshin  Andreas 
National Renewable Energy 
Laboratory   Afshin.andreas@nrel.gov  

Emiel Hall  NOAA  emiel.hall@noaa.gov 

Kathleen Lantz  NOAA  kathy.o.lantz@noaa.gov 
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Don Nelson  NOAA  donaldnelson@mac.com 

Logan Soldo  NOAA Global Monitoring Lab  logan.soldo@noaa.gov 

Allen Jordan  NOAA GML/GRAD  allen.jordan@noaa.gov 

Darrien Reichler  NOAA/GML  darrien.reichler@noaa.gov 

Ryan Musick  NOAA/GML  ryan.musick@noaa.gov 

Laura Riihimaki  NOAA/GML/CIRES  laura.riihimaki@noaa.gov 

Christian Herrera  NOAA/GML/CIRES  christian.herrera@noaa.gov 

Wolfgang Finsterle  PMOD/WRC  wolfgang@pmodwrc.ch 

Daniel Perez 
Astudillo 

Qatar Environment & Energy 
Research Institute, HBKU, Qatar 
Foundation  dastudillo@hbku.edu.qa 

Dunia  Bachour 

Qatar Environment & Energy 
Research Institute, HBKU, Qatar 
Foundation  dbachour@hbku.edu.qa 

Charles Robinson  Sandia National Laboratories  cdrobin@sandia.gov 

Bryan  Fabbri 
Science Systems and Applications 
Inc / NASA Langley  bryan.e.fabbri@nasa.gov 

Frederick Denn 
Science Systems and Applications 
Inc / NASA Langley  fred.denn@ssaihq.com 

Julian Lell  Servicio Meteorológico Nacional   jlell@smn.gov.ar 

Stephen Wilcox  Solar Resource Solutions, LLC  swilcox303@gmail.com 

Tom Stoffel  Solar Resource Solutions, LLC  tstoffelSRS@gmail.com 

Brighton Mabasa  South African Weather Services   brighton.mabasa@weathersa.co.za 

Akram Essnid 
the Libyan Center for Solar Energy 
Research and Studies   sneeda74@yahoo.com 

Agustin Laguarda 
Cirigliano 

Universidad de la República, 
Laboratorio de Energía Solar  agu.laguarda@gmail.com 

Richard Kessler 
University of Oregon, Solar 
Radiation Monitoring Laboratory  rkessler@uoregon.edu 

Josh  Peterson 
University of Oregon, Solar 
Radiation Monitoring Lab  jpeters4@uoregon.edu 

 
 


