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Abstract-

One of the challenges of printing and paper industries is the issue of inappropriate
humidity in the environment where the paper mills and printing shops or stores are
located. Humidity of the environment is a factor of great concern for storage of papers
and when printing. This work considers the needed optimum relative humidity that is
required for high quality printing and analysis of a fifteen-year weather data of hourly
dry bulb temperature (TDB) and relative humidity (RH) for Abuja in the Federal
Capital Territory of Nigeria, obtained from the Nigerian Meteorological Agency
(NiMet). A bin width of 1°C and 5% were used for TDB and RH respectively. The
two-dimensional dry bulb temperature and relative humidity bin data were obtained
for each month of the year. High relative humidity which is inimical to high quality
printing production, occurs in many months of the year, especially June through
October, hence dehumidification process would be desirable during such periods. The
optimum relative humidity for quality printing of between 45%-55% occurred for
about 1027.9 hours out of the 8766 hours in the year. Therefore, it can be concluded
that dehumidification to the right humidity level is necessary most of the time in Abuja
for good quality printing work.

Keywords: Printing, relative humidity, dry bulb temperature, Meteorological
data.

1. Introduction

One of the oldest industries in Nigeria is publishing using the printing press. It was reported by
Oyedokun [1] that the first printing press was established in Calabar in 1846 by a Presbyterian
missionary named Reverend Hope Waddell.

Even with the advocacy of paperless meetings coupled with the promotion of the use of
Information and Communication Technology (ICT) facilities, paper production still remains a
prominent industrial sector having direct bearing on educational development all over the world.
There are environmental challenges to printing and paper productions world over. One of the
technological developments to solve the environmental related problems is by using appropriate
air conditioning processes.

One of the areas of industrial applications of air conditioning [2] is printing which involves
control of the humidity during the printing processes. Printing processes entail running paper
through several different presses in which the atmospheric conditions should be maintained to
give appropriate printing results. Improper humidity of the environment in printing or paper
industry causes static electricity, curling or buckling of paper. The printing ink may fail to dry
as required in the process of printing.
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Paper is hygroscopic [3], a property which makes it absorb moisture from the environment. It
does this so as to attain moisture content equilibrium with the environment. At equilibrium it
does not take or give moisture to the surrounding air. This process of attaining moisture
equilibrium can be controlled for optimum printing result.

There are different types of printing with advancement in technology. These include off-set
printing, digital printing and ink jet printing.

In printing work, paper dimensional change is affected by either absorption of moisture from or
release of moisture to the atmosphere [4].

The most appropriate humidification systems for printing outfit are adiabatic systems which are
preferable to traditional isothermal systems with benefits which include reduced energy
consumption largely lower than 10% of the energy consumption of a traditional steam system
and evaporative cooling with the possibility of using these systems during hot weather to cool
the air which helps to absorb the heat generated by the printing machinery [3].
The temperature of paper significantly affects the relative humidity of the paper. Hence, the
environment in which paper is kept and utilized should be a prime consideration in printing
press. Exposing paper to wrong environment may render the paper not usable.

Fert on [5] asserted that different printing processes work best with certain amount of moisture,
proper humidity control is important to printing and there are certain benefits that can be
obtained for example having an improved printing quality because paper distortion is rid of and
static electricity is prevented.

For optimal printing work with digital printing, the RH level should be around 50-55%. With
humidity below 40%RH, the paper loses water and tends to change the shape, stick together
with other papers and attract dust from the environment [6].

In offset printing, moisture content has effect on the interaction between inks and the press, the
paper and the press and ink and the paper. A higher moisture level of above 55% RH in the
press shop is required. A lower RH will affect printing paper whereby the paper could be
curling, creasing and dot doubling [6].

In the ink jet, paper is prone to ink related challenges such as spreading, show through and
drying issues at low RH. Then printing will be achieved between 45-50% RH, a bit lower than
what is obtainable in the digital printing will react well to the fuser heat at this RH level.
Abuja is located at Latitude 9°03"26” N and Longitude 7°29'23" E and is the Federal Capital
Territory of Nigeria [7].

This work is aimed at analyzing a 15-year hourly weather data of dry bulb temperature and
relative humidity obtained from meteorological agency NiMet and compiling of 2-
dimensional bin of the weather parameters and compare these with the required condition for
optimum printing work.

2.  Methodology

2.1 Data collection

Hourly dry-bulb temperature and relative humidity data of 15 years of 1995-2009 for Abuja in
the Federal Capital Territory (FCT) of Nigeria were obtained from Nigerian Meteorological
Services (NiMet), Oshodi, Lagos. These data were obtained from NIMET form 131/3 for both
dry-bulb temperature and for relative humidity which were gathered using appropriate
instruments.

2.2 Data analysis
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These data were keyed in and stored in the computer system using Microsoft excel office
software 2007 version. Visual Basic codes were written for statistical analysis and compilation
of the two-dimensional bin data of dry-bulb temperature/relative humidity. Bin sizes of 1°C and
5% were used for dry-bulb temperature and relative humidity, respectively. The two-
dimensional bin data of dry-bulb temperature/relative humidity shows the coincidence of both
weather parameters. Figure 1 shows the interface of the output of the two-dimensional bin data
of dry-bulb temperature/relative humidity.

Results were obtained for each month and the results for the 12 months data were summed up
to obtain a year report. The number in each cell of the interface gives the average number of
hours that the dry-bulb temperature and relative humidity coincides for each month. The total
for the 12 month gives the coincidence and spread of dry-bulb temperature and relative humidity
per year.

3. Result and discussions

The two-dimensional bin data of dry-bulb temperature/relative humidity for Abuja obtained
from total summation of results from each month of the twelve months are presented in Table
1. The value in each bin size is the number of hours that both dry-bulb temperature and relative
humidity coincide in that bin. The sum of the hours in all gives the sum of total hours in all the
12 months which is 8766 hours.

The lowest, highest and mode of dry bulb temperature bins were determined along with the
number of hours these bins occur which are given in the bracket below the bin name and equally
their counterpart in relative humidity is given in Table 2.The monthly number of hours in which
the relative humidity fall within 40-55% is shown in Figure 2.

Table 1 which shows the sum total of the average number of hours of 8766 hours from the 2-
dimensional bin data from the 12 months analysis, the desirable relative humidity of 40-45%
RH bin and 50-55% RH bin for any printing work vis-a-vis digital, offset and inkjet printing
occurs in the average total number of hours which is 1027.9 hours, this is indicated by the
coloured figures in the Table. The monthly occurrence of these number of hours is shown in
Table 2 which indicates that March has the highest number of hours of 204.8 hours, however
the ambient temperature of the press room must be lowered to meet desired temperature since
March is characterized with high temperature which is evident in Table 2 in which the modal
dry bulb temperature bin for the month is 26-27°C with about 65.6 hours.

The months of June through October with high relative humidity in the atmosphere which is
evident from Table 2, there is a great need for dehumidification of air conditioning process to a
level of achieving good printing, see Figure 2.

The modal relative humidity bin in January is 20-25% RH bin with an average of 67.57 hours
out the 744 hours in the month hence there may be need for humidification during this period
to attain the needed humidity for desirable printing work.



IOP Publishing

1378 (2019) 042042  doi:10.1088/1742-6596/1378/4/042042

International Conference on Engineering for Sustainable World

Journal of Physics: Conference Series

4 [ 3
e SRS A s=anse=su=seratus=usseey [T
M sla|l~INlN|la |~ ||l 8|~ |~ 0 o clacac|lala|la
S
3 slea|lr|Flmla|l-lo|leales|l~|~lolele ele|le|la
3
] I Y Y ) 1 1
2 |olel2lz|=lalz|2lel-lolelelcole elelele
x =
2| |olelnlBls|s|al2|nl~l-|-lalelel-lolslele
% -
3| |olalzlBB|g|elr]3 8 ololaloclealalala
y e [T
8| |ola|alE|E|z|z|8|23|8|la|cololeolclla
2
# lolo|=|8|¥|s|s(e|e2/3(2 al--lele|le|e|e
B
7 a lale|~|2|Blg|2a|85232w-lcleolalala
mm Bl |o|lo|w|e|s|zlele|as|zsar|a | |c|o|a
2 =
£ & |o|o|aln|e(s|e(s]|z]a|8(85|0|<al|a|a|a
a
g W 8 lelela|z|v|a|s|2|s8s|s|¥8]8 alc|-|o|=
8
7 0 S5 lola|-|~[alalzlzalzl2ss a2 x|l
5
5.m 8 loleln|o|=lelsls2/2/n589(%8||nlola
mm Fy & olo|n|-|2|z|2|8|5|z 8292 88| ||
g 3 |2 4
mww 3| |alo|-|<|n|s|s|2|z|s|2|2(8|n9 2 |%|e|e|e
B
m 8 |alola|-|z|n|s|z|s8 8288 s 82~
g
.m. 8| |olololaloslsls8slzlzlalsisizaz]ale
i 8
n.m m N = = W |HEBMNIBTERSEE " el
2 5
A g |ololalaln2|alz|s olsselals g c|e|ala
8 =
W .m * 000015W2%$mmﬁﬁ.ﬂﬂ5?5ﬂ
m 3 2 |olalolo|lal-loltlglslrlsssgalnlal-|a
2 m = sle|lo|ls|s|s|u[«|2|F(HBF 8K 8 w|lela|la
. m wwm 2| |alolals|alal-|a|a=|alsg|lale e |a|n]a
mw Wd.c 2 lalela|a|lela|ls|a|-|nl~2(¢2 e alala|la
8 (-]
gl 5] = S
N olo|lo|lo|lo|lo|o|o|lo|o|lo oo - aclec|lec|le|la
e 5 2
= ! m B clo|la|lola|la|lala|la|l~|lal~|laaae|la as|la|la|la
= &
gl |5 g
gl (5] |2 £=1 1 R R 5 5 5 ) B
£ B . g
i

Dimensional bin data of Dry bulb

Programme interface for computing Two
temperature and Relative humidity

Figure 1:



IOP Publishing

10.1088/1742-6596/1378/4/042042

ble World
1378 (2619) 042042 do

mal

for Susta

meering

International Conference on Eng

i

1€8

Conference Ser

Journal of Physics

00 00 00 00 00 00 00 00 00 | 00 | 00 0 00 ] 00 ] 00 | 10 ] 00 ] 00 00 00 | O] Sror
00 00 00 00 00 00 00 00 00 | 00 | 00 00 00 | 00 | 00 | 00 | 00 | 00 00 00 | 00 \ e
00 00 00 00 00 00 00 00 00 | 00 | 00 [ 00 00 | 00 | 00 | 00 | 00 | 00 00 00 | 00 | eror
00 00 00 00 00 00 00 00 00 | 00 | oo || oo 00 | 00 | 00 | 10 | T0 | T0 70 00 | 00 | oriv
00 00 00 00 00 00 00 00 00 | 00 | oo | oo T0 | 00 | 00 | 10 | 80 | 80 €0 o | 00 | 1rov
00 00 00 00 00 00 T0 T0 To | 10 | 10| 00 To | ¥0 | 61 | ¢1 | 0C | ve ST To | 00 | orec
00 00 00 00 00 T0 00 70 70 | £o0 | £0 £0 01 ot | s5 | 89 | 69 | 0L VL 0 00| e6cse
00 00 00 00 T0 T0 T0 z0 0 | €0 | S0 60 €9 | 6l | 1wl | <11 | 62l | TSI 08 z0 00 | seic
00 00 00 T0 T0 T0 T0 €0 00 | S0 | 71 TS T61 | 06C | 161 | ST | €61 | Lsc | Lol €0 00| icot
00 00 T0 T0 T0 S0 <0 €0 S0 | 80 | ©s || Tz | Ss¢ | 697 | s1¢ | vst | coc | ¢6c | LT 70 00| o9cse
00 00 ) 70 €0 70 S0 50 €1 | ¢9 | Lvt || o6t | sit | T9T | oic | L8 | Lic | veC 03 70 | 00 [ scie
00 €0 ¥0 70 €0 €0 30 7T I< [ cer | ew \_£ar | #9 | 69¢ | TIZ | 98¢ | Tee | 08¢ 3 z0 | 00 /] veee
T0 ¥0 T0 ¥0 70 T vz 79 SE | S0 | vs [NgsE | 9€r | 91 | 9% | 8 | 09 | <L 97 00 | o/ | cece
T0 70 90 T ¢ T 61 T9f | €56 | L29 | 06c | €97 | 8LL | TST | 2ol | O8I | €81 | 811 ST TO | 00 | <&t
70 v I v E €9 Tz | 8911 | ¢S1T | 69v | €2¢ | 961 | I | 951 | 61 | <1 | €91 | v 70 00 | 00 | T1cot
0 61 157 o€ 5 ©vC | 6201 | 6SS1 | ¥SL | Ss¢ $T1 | €11 | 2% 90 00 | 00 | o0c6t
00 87T 53 08 | 661 €¥8 | TP [T o0 T et T 0T zo1 | 68 | 8¢ 00 00 | 00 | 6c8¢C
T0 v §8 | 981 | 618 | €091 | oIl |1 ves | Lec | oLt | zzt | ot | 9zt | gar | i ¥ vor | v9 | v¢ 0 00 | 00 | 8cit
$0 ) 0Lz | <8 | <81 | €se1 | 6€9 |V Lec | occ | 091 | ©er | o€r | wer | val | L1l g o1l | §S | 0¢ €0 00 | 00 | Lt9t
S0 061 TEIT | £261 | ¥8sT | O¢L Tic [N osc | c61 | o1 | se1 | 621 | ver | ovt | sai ¥ 96 | 85 | #1 70 00 | 00 | 9zs¢C
o 9. | 768c | 6931 | 808 oov | vee |V 601 TLT | scl | €1 | o101 | 82l | 821 | 601 § TL | ¥v | 60 10 00 | 00 | szt
o gesc | veee | 116 | cov | L9 €81 TL | ser [ oot | otr | oFr | o€t | 86 | 98 [ ¥v | 12 | L0 00 00 | 00 | weec
7ol Geve | 6961 | ¥er | 992 | s | 961 oeT | 091 | 8%1 | o1 | 1t | oFl | v1i | v8 ¥ 6 | LT | 90 00 00 | 00 | oz
Tzt S8T | 9L0 | Tic | T8I 31 81 6ST | 0T | 101 | SIr | 81T | ©o1 | ool | 0s [ L2 | 90 | £o0 00 To | 00 | <zic
3l 09 T6T | 8ST | Sl 691 el 791 | zel | Si1 | o1r | 9%6 6 | 95 | cc ¥ 1 [ vo | 10 00 00 | 00 | 1c0z
€1 (7 0L £zl 38 el TSt Zol | 12l | S€1 | 0L | 66 §v | ocf | 81 § S0 | €0 | 00 00 00 | 00 | 0zel
00 z0 ¢ 59 08 Tl 6Tl S0l T8 €L 7z | s0 ¥ vo | 10 | 00 00 00 | oo | 618
0 T0 TT $E €S €L 3 ET o 1 oS | v “vo | 10 | T0 | 00 | 00 00 00 00 | 8TL1
00 00 0 v 0T Tr TP 6c v | ve | €% 7 T0 | 10 | 00 | 00 | 00 00 00 | 00 | Zrot
00 00 T0 v0 ¥0 I 9T 97T ST | 21 | 50 £0 00 | 00 | 00 | 00 | 00 00 00 | 00 | 9orsI
00 00 00 T0 €0 T0 80 0T v0 | €0 | 00 | 00 00 | To | 00 | 00 | 00 00 00 | 00 | st
00 00 00 00 00 00 70 €0 To | 00 | 00 | 00 00 | 00 | 00 | 00 | 00 00 00 | 00 | i€l
00 00 00 00 00 00 00 T0 00 | 10 | 00 T0 00 | 00 | 10 | 00 | 00 00 00 | 00 | <l
dwo],
S0T-001 | 00156 | S6:06 | 0658 | S8-08 | O8SL | SLOL | 059 | S9-09 | 09-SS | SS-0S | 0S-Sv | SP0F | Ob-S€ | SE-0¢ | 065C | S0 | 0051 | S101 | 015 | S0 N

eMnqy 1oj Kyipruny oane[oy pue armerddwo ], qing A1 Jo eye urg [BUOISUSWI- OMT, YL [ 9[qBL




International Conference on Engineering for Sustainable World IOP Publishing
Journal of Physics: Conference Series 1378 (2019) 042042  doi:10.1088/1742-6596/1378/4/042042

Table 2: The dry bulb temperature (Tpg) and relative humidity (RH) bins which have the
lowest and highest magnitudes and modal bins for each month with the average
number of hours in which the Tpg and RH are in those bins in bracket.

Dry bulb Temperature bin Relative Humidity bin
< Lowest Highest Modal bin Lowest Highest Modal bin
5 value bin value bin (No of value bin value bin (No of
= (No of hours)  (No of hours) hours) (No of hours)  (No of hours) hours)
Jan. 12-13 39-40 33-34 5-10 90-95 20-25
(0.13) (0.53) (50.87) (0.33) (1.8) (67.53)
Feb. 12-13 41-42 25-26 5-10 95-100 40-45
(0.08) (0.62) (49.65) (0.85) (0.15) (70.82)
Mar. 18-19 44-45 26-27 5-10 100-105 40-45
(0.07) (0.07) (65.60) (0.06) (0.07) (74.67)
Apr. 20-21 40-41 27-28 10-15 100-105 65-70
(0.20) (0.47) (68.73) (0.53) (0.40) (73.80)
May 20-21 38-39 25-26 25-30 100-105 90-95
(1.8) (0.33) (87.53) (0.13) (1.53) (107.93)
Jun. 19-20 39-40 24-25 45-50 100-105 90-95
(0.13) (0.07) (95.60) (0.40) (6.93) (155.93)
Jul. 18-19 32-33 23-24 45-50 100-105 90-95
(0.20) (0.6) (139.73) (0.07) (15.93) (195.53)
Aug. 19-20 31-32 23-24 50-55 100-105 95-100
(1.07) (1.8) (152.73) (0.4) (18.93) (226.67)
Sep. 19-20 35-36 22-23 45-50 100-105 95-100
(0.93) (0.07) (116.47) (0.07) (14.53) (194.07)
Oct. 17-18 39-40 22-23 25-30 100-105 90-95
(0.08) (0.08) (124.46) (0.46) (3.89) (176.15)
Nov. 15-16 37-38 22-23 10-15 95-100 90-95
(0.71) (0.93) (66.50) (0.07) (19.43) (84.50)
Dec. 12-13 37-38 21-22 10-15 95-100 60-85

(0.14) (3.71) (55.29) (2.21) (0.86) (66.71)
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Figure 2: Number of hours in which the relative humidity fall within 40-55% RH
in each month (Numbers 1 — 12 used to represent January - December).
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4.

Conclusion

The analysis of weather data of both hourly dry bulb temperature and relative humidity for
Abuja was carried out to obtain 2-Dimensional bin data for each month and then cumulated for
the whole year. The months of June through October would need dehumidification for optimum
printing and some humidification process would be needed in January for better printing.
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