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EXPERIMENTAL DATA

FUNCTIONAL UNIT: This LCl is for the manufacture of 1500 kg of Aspirin.

‘ methyl acetate.

Salicylic acid can be produced using 3 routes.

! LCI will be used to find the greener route of producing 1150 kg of salicylic acid.

Refer to the aspirin manufacture information document where necessary."

Question 1

"in order to produce 1500 kg of Aspirin, we have to start with 1150 kg salicylic acid and 616.67 kg of ‘

Complete Table 1-3 below by calculating the mass of the components needed to synthesize the product

per table. Do not calculate the shaded blocks in the tables.

a. Complete Table 1 below by calculating the exact mass (in kg to two de

needed to synthesize 1150 kg of salicylic acid from phenol.
Refer to the Table 1 DATA SHEET on page 7 in the aspirin manufacture document.
From Table 1 on page 7:

927 kg phenol was put in to produce 1000 kg of Salicylic acid
927 kg CcHsOH = 1000 kg SA
x kg CeHsOH = 1150 kg SA

x kg CiHsOH =

927 kg CsHsOH x 1150 kg SA

1000 kg SA

= 1066.05 kg

Table 1: Material balance for the production of 1150 kg of salicylic acid from phenol

(Refer to Table 1 page 7)
T COMPONENT | INPUT(kg) | PRODUCT(kg) |  WASTE(kg) |
| | | . |
' phenol ' 1066.05 \ | 117.30 I
| | —
| Sodium hydroxide , l L5208 | ‘ |
| Carbon dioxide | i? 677 15 ‘ ‘ 5 SZ' P ‘
| Sulfuric acid ‘ 71,85 | 14 .45 _!
T activated carbon | 21 “ 60 |! Z_ ”_ A (V] J
‘water ' | 204.70 |
‘ sodium sulfate | ‘ ‘ 29s.00 |
1150 |

‘ salicylic acid

262. 65

cimal places) of the components



b. Complete Table 2 below by calculating the exact mass (in kg to two decimal places) of the components
needed to synthesize 1150 kg of salicylic acid from oil of wintergreen. [2.5]
Refer to the Table 2 DATA SHEET on page 7 in the aspirin manufacture document.

From Table 2 on page 7:
1380.74 kg sodium hydroxide was put in to produce 1000 kg of Salicylic acid

1380.74 kg NaOH = 1000 kg SA
x kg NaOH = 1150kg SA

o o = 138074 kg NaOH x 1150Kg SA _ o oo
X kg NavH = 1000 kg SA = 03 g

Table 2: Material balance for the production of 1150 kg of salicylic acid from oil of wintergreen
(Refer to Table 2 page 7)

i COMPONENT | INPUT (k) ‘ PRODUCT (kg) ‘l WASTE (kg) ]
‘ Sodium hydroxide | 1587.85 ‘ |
. | , | #‘
| Sulfuric acid || ICM’;, // ‘ || J
. ) | 1 |
IrO|| of wintergreen | M_h gg;é / |I ‘ ‘
| water | | | \'7g/ 63 |
| salicylic acid ‘ || 1150 | _‘|
| methanol ‘. l‘ !| Va éé/ éér I|

!—LSodium sulfate || | I| T.;é géﬁg !

c. Complete Table 3 below by calculating the exact mass (in kg to two decimal places) of the components
needed to synthesize 616.67 kg of methyl acetate. [1.5]

Refer to the Table 3 DATA SHEET on page 7 in the aspirin manufacture document.
From Table 3 on page 7:
866.48 kg methanol was put in to produce 1000 kg of methyl acetate

866.48 kg CH;0H = 1000kg MA
x kg CH,0H = 616.67 kg MA

ko CH.OH = 866.48 kg methanol x 616.67 kg MA 5‘34 33k
xieg LHSUE = 1000 kg MA =S g

Table 3: Material balance for the production of 616.67 kg of methyl acetate from natural gas
(Refer to Table 3 page 7)

COMPONENT ‘l INPUT (kg) [ PRODUCT (kg) | WASTE (kg) |
methanol il 534.33 | || 267.68 |
b e

| water ' ‘ | 149:2 8
____.__—____'_.. | |
| acetic acid | jo0l.87 | || |
A | ' : |
| methyl acetate | 616.67 |i 22.07




Question 2

The % atom economy (calculated in the pre-practical) for route 1 and route 3 is shown in Table 4 row 1.
Refer to the calculated mass in Table 1 and 2 and calculate:
a. in row 2 the % reaction mass efficiency of salicylic acid for the route 1 and route4.3 2]
b. in row 3 the % yield of salicylic acid for the two routes. [2]
For route 1 theoretical yield of salicylic acid is 1359 kg
Eor route 3 theoretical yield of salicylic acid is 1191 kg.

c. inrow 4 the E-factor (total waste) (in kg) [2]
d. Answer the four questions that follow. {71
i Table 4
‘ Green matrix and meaning ‘ Route 1 '| Route 3
i

| % Atom economy | 65.22 % ‘ 54.88 %
How efficient the process is in terms of atoms |

I—% Reaction mass efficiency ' 4 | .

‘ How efficient the process is in terms of amount | % 'Sg?ﬁg// ‘ 32 %\95/
/,-" \ i

‘ of inputs to product | ‘

hvield | e =
| % Yie 90 | .
| How efficient the chemical reactions are. | 7 3 1 "\ | 7&’ /

’Eactor (Total waste) (in kg)

|
|
! How efficient the chemical reactions in terms of ‘ 6 1
| .

217 /

‘ waste produced. . L

| Consider the calculated green metrics and decide which | ﬂaul‘ . Poule 3 bes : A [omer

‘ SA synthetic route you would select for your company. | ke f,,wtuo/‘w‘m ZE“WﬁJTf‘y:‘:‘}p{\/wkﬁ
Justify your choice. [2] . - Pocbion oA sl , =
| |I a h,%m;( 5 y,‘aM HV‘*L .ML..M) iF ;M|

"What type of system boundary (Cradle to gate or Gate '

' to grave or Cradle to grave or Gate to gate) is ‘ é@‘ ’Fa—?rh‘
‘ implemented in this inventory? | ?/t,l-c fe ? 'Lc /
| Refer to Figure 3, Page 4 of the Aspirin Manufacture |
| document. [1] |

=1

| Would expansion of the boundaries to include the raw | No (,Iamy as Lujﬁs/:m

material extraction processes likely result in your | ronke 3 com be

‘ Explain in brief

Lz
’
| change of choice of the more sustainable route? e ol ‘n voufe | ,‘,%ﬁ renewalab
2) |
|

Phenol is obtained from crude oil. Crude oil is a non- '

up s
] 6054 WU-‘.‘/{ 94 /0/ : ‘
| renewable resource. What effect would depletion of || SUff(:}, A A _.Qy/f_,‘p, Fha

’ \" Ail
‘ N (0""‘/ 5‘4/{[} rean { | a 1
dimandh  ana @ i 057

‘ crude oil reserves have on the cost of buying aspirin?

— |

| Briefly explain. [2]



Question 3

__.____________——-—__________.——— =
|| Answer the following questions in the space provided: |
rs

|I How can. the impact (énvironmentél, social or '| ﬁ(/us}n asle Jor 0 {{w me“ |
| economic) of the inputs and output be | 3’ y /
| minimized or managed to make the process | dnd &5@,.‘4} Fhat & e '
| ; ‘

sustainable? 2] / afed
| 2 01’ wasle i’ nel M fv{M[
| |
| || Uqens as
| . P Il‘&{ I‘A_
| 0.}« wé’k
| | o4 e~ mite-rals  &Pr

RS
phet erens Zeuol |

PTG ot

|| How can the impact (environmental, social or | . odble  encrqn domes He Fhen |
economic) of energy be minimized or managed 3’ Al L~ 7 |
' | Ao - jryove - r, . ") "

to make the process sustainable? 121 | s poM reanaph 7 ’ !
| W carbor Ermm> - ol .b hes Faces e,
| [ I et “}". r o e % ' 1
Attt gfm ‘ ‘) 03 (- A |

| |il-,} Senble  EPT T el bre 1"'}“’. |
o N "’( g 5 |

| | Pk wad> o pippr wale et f o |

lﬁlgs_iges—'the ener ; |
gy costs and the buying all ‘ -
| ]aLGW Y, p(l‘s f'q qu‘a'»\ arel /m('w}/f ﬂ}, |

i the raw materials, what other cost | [
: - |

| implications do you anticipate the aspirin |

| manufacturing process to incur? [2] ||
|
| Give 2 examples? ll Vs
| /
| | | |
| | “t
| How does the exercise you just carried out on | # ﬂeéﬁ'm’»«(" o4 che ;WI )ﬂ,{;c“_: /s |
synthesis of aspirin display the central role of | >, |
s effunsy weh Lo ek proluchis
' chemistry in the mitigation of global | ¥"** / - '

| sustainability issues? 2] || whith  leads P ar faus 4”/;/{:9/ |i

|| | 5'45/"1‘0\4‘”"‘”‘['}. |
|

| |

L_//’//

_______.__~________I

SYSTEMS THINKING IN SUSTAINABILITY

Sustainability is all about systems and making sure we are thinking about the entire picture so we can
address a problem from all angles. It is important that we start seeing the Earth as a system. Within this
system, there are other systems such as People, Planet and Profit. All three systems are tightly
interconnected and initiatives to address one often overlap with the other. Just like, there would not be
people without a planet, there would not be a business without people, and there would not be prosperity
without business.

Sustainable systems thinking is a mindset that helps us to untangle and work within the complexity of life
on Earth. It helps us to better understand the impact of our work on the world around us and be responsible
for what we create and how we innovate. An important step in developing a systemic approach is to find

5



the source of the problems, as these increases the chances of identifying the leverage. Leverage is a small,
focused action, that can produce significant changes with a minimum effort. Leverage can also be achieved
by weakening the symptomatic response 10 the problem while strengthening the fundamental solution.
Leverages resultsin viable, bearable and equitable options during problem solving. The aspirin manufacture
forms a part of the aspirin system, which includes engineering, the planet, people, human health, and
economics.

b

Sustainability strives for:
« Viable environmental-economic impact: Business is executed with the environment and resources
in mind.
« Bearable socio-environmental impact: Develop healthy habits that benefit the society and the
environment.

o Equitable socio-economic impact: The generation of economic opportunity for both businesses
and individuals.

ROLE PLAY ACTIVITY

e An Engineer in partnership with a chemist decides that there is a need to upgrade the aspirin
manufacturing plant for sustainability. They takes up the idea to the board, which includes the
Finance manager, the Environmental officer and the Community representative.
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EXPERIMENTAL DATA

FUNCTIONAL UNIT: This LCl is for the manufacture of 1500 kg of Aspirin.

In order to produce 1500 kg of Aspirin, we have to start with 1150 kg salicylic acid and 616.67 kg of |
methyl acetate.

Salicylic acid can be produced using 3 routes.

LCI will be used to find the greener route of producing 1150 kg of salicylic acid.

Refer to the aspirin manufacture information document where necessary.

Question 1

Complete Table 1-3 below by calculating the mass of the components needed to synthesize the product
per table. Do not calculate the shaded blocks in the tables.

a. Complete Table 1 below by calculating the exact mass (in kg to two decimal places) of the components
needed to synthesize 1150 kg of salicylic acid from phenol. [5]
Refer to the Table 1 DATA SHEET on page 7 in the aspirin manufacture document.

From Table 1 on page 7:

927 kg phenol was put in to produce 1000 kg of Salicylic acid
927 kg CsH;OH = 1000 kg SA
xkg CsH;OH = 1150 kg SA

927 kg CeHsOH x 1150 kg SA
1000 kg SA

x kg CcH;OH = = 1066.05 kg

Table 1: Material balance for the production of 1150 kg of salicylic acid from phenol
(Refer to Table 1 page 7)

COMPONENT INPUT {kg) PRODUCT (kg) WASTE (kg)
phenol 1066.05 117.30
Sodium hydroxide ] L5310 ﬁ N

Carbon dioxide 17,35 7 233,45 77
Sulfuric acid - __il‘/_sf’?7 (q,as -7
activated carbon I bOJ 2,60 O

CARAY, | : :
'"_ |
et | aoe10”
sodium sulfate Q05,00 /
' salicylic acid 1150 349,65 ~)
L - : /




b. Complete Table 2 below by calculating the exact mass (in kg to two decimal places) of the components
needed to synthesize 1150 kg of salicylic acid from oil of wintergreen. [2.5]
Refer to the Table 2 DATA SHEET on page 7 in the aspirin manufacture document.

From Table 2 on page 7:
1380.74 kg sodium hydroxide was put in to produce 1000 kg of Salicylic acid

1380.74 kg NaOH = 1000 kg SA
x kg NaOH = 1150kg SA

1380.74 kg NaOH x 1150 kg SA
1000 kg SA

xkg NaOH = = 1587.85 kg

Table 2: Material balance for the production of 1150 kg of salicylic acid from oil of wintergreen
(Refer to Table 2 page 7)

COMPONENT INPUT (kg) PRODUCT (kg) WASTE (kg)
| Sodium hydroxide | 1587.85 _
Sulfuric acid | (qes, 1 4
Oil of wintergreen lq‘ég, o | ﬂ
water ‘,-’ %J 63 -.7
salicylic acid 1150
.I methanol | E bio, bk 7
Sodium sulfate . bb3l, ;8% 7

c. Complete Table 3 below by calculating the exact mass (in kg to two decimal places) of the components
needed to synthesize 616.67 kg of methyl acetate. [1.5]

Refer to the Table 3 DATA SHEET on page 7 in the aspirin manufacture document.
From Table 3 on page 7:
866.48 kg methanol was put in to produce 1000 kg of methyl acetate

866.48 kg CH;0H = 1000 kg MA
xkg CH;0H = 616.67 kg MA

va CH.OH = 866.48 kg methanol x 616.67 kg MA 534.33 k
o i 1000 kg MA T oSHSS kg

Table 3: Material balance for the production of 616.67 kg of methyl acetate from natural gas
(Refer to Table 3 page 7)

COMPONENT INPUT (kg) | PRODUCT (kg) WASTE (kg) :
methanol 534.33 267.68
water 14Q,;34 7
r . . ] ~7
acetic acid too | ;87
methyl acetate 616.67 32,07 - =)




Question 2

The % atom economy (calculated in the pre-practical) for route 1 and route 3 is shown in Table 4 row 1.
Refer to the calculated mass in Table 1 and 2 and calculate:
a. in row 2 the % reaction mass efficiency of salicylic acid for the route 1 and route 2. 12}
b. in row 3 the % yield of salicylic acid for the two routes. [2]
For route 1 theoretical yield of salicylic acid is 1359 kg.
For route 3 theoretical yield of salicylic acid is 1191 kg.

c. inrow 4 the E-factor (total waste) (in kg) [2]
d. Answer the four questions that follow. 71

| Table 4 o

| : , |

‘ Green matrix and meaning '| Route 1 ‘ Route 3 |

|
9% Atom economy | 65.22 % ‘ 54.88 % |
How efficient the process is in terms of atoms | | ‘
9% Reaction mass efficiency ‘ e ' HEG ) |
How efficient the process is in terms of amount i;‘glq‘_%@qlc % ACO ,_6.65-6:):, %100 =
. 2, /

‘ of inputs to product 7 25,60 % | ~32,009% qg
o i [ ) =
% Yield 50 ) | . |

‘ How efficient the chemical reactions are. ‘ (350 ¥ 00 = R 4uj69 e ‘ Tar ,ﬁg = %/?C Yo F

| | -

| E-factor (Total waste) (in kg) | ) ! 4‘
pr efficient the chemical reactions in terms of ‘ %99, bS &8 L0892, 14 t9 i‘z/

‘ waste produced. | ‘ T

|

| Consider the calculated green metrics and decide which | P\ te | 5 less woaete s ‘
| (Wl¥) ) !

jenerated and fthos o greater |
Justify your choice. 2] L
‘ A r0aes eFFrc\@m\ﬁ . |

_{

G |

SA synthetic route you would select for your company.

’>What type of system boundary (Cradle to gate or Gate ‘

‘ to grave or Cradle to grave or Gate to gate) is <

‘imp|emented in this inventory? ‘ Gate to %O\CP f |

| Refer to Figure 3, Page 4 of the Aspirin Manufacture ‘
| document. i; 1] J |
v |

| ——

‘ Would expansion of the boundaries to include the raw |M°ﬁ work chorge because |
material extraction processes likely result in your ) ‘

| change of choice of the more sustainable route?

e %\’Q,@f\ m~abeix reculits wnall FemaGin

| Explain in brief [2 ‘| FRESSE 4
|' Phenol is obtained from crude oil. Crude oil is a non- | Tr il mcrgg_\qi the price ot \|
| renewable resource. What effect would depletion of |\0U3m(1 aepiTing ecavse the dermand |
| crude oil reserves have on the cost of buying aspirin? of crodeooil wfl increcs@ wohitst the
- . cupbly GepfeSeRS thug crude ol

Briefly explain. 2] recomes expensive |




Question 3

e —

e
["Answer the following questions in the space provided:

L e B
| How can the impact (enVIronmentaI, social or Enviropental - Reforestrorion and B afforestiCtion |
| economic) of the inputs and output be | o repace the trees veed T extracT |
| minimized or managed to make the process | solicyhe acid- |
| sustainable? |\[2] |‘l50c,\c,\\‘. the golphlric aand could be used |
| \_] 0 \oua@f.-ff(f\—\ of tre \and ;&0 et it |
| | covld oe ea&y TO opely more |
| [ O\osr‘\cu\tor&\ activies |
| | Eromannic b loetauce thee & recre agricuttoral |
|| || act eS|, MO, 30b oppor'w\’\\‘ties orise |
R BEST ]
. = . [
‘ How can the impact (envuronmental, social or | Veng sshcr Papels X0 (educe e |
economic) of energy be minimized or managed | C%C’(feﬂ@ré\\ and 40 procuce ererqy |
to make the process sustainable? 2} | . ,
| p '.[ ] !|_'\1\ ot Qﬁ\l\‘f@\m@.ﬂwl\\j Fr\enc\lyj == uaaj |
(. i ) !
‘ | requred ba e plant |
| | |
e

|_
Besides the energy costs and the buying all ’
| &y ving Tre COSE of di%f}.’_,g‘nﬂ s as l

| the raw materials, what other cost |

. N . . matenals |

|| implications do you anticipate the aspirin | |
. . 5 i | ‘

| manufacturing process fo incur: | {21 1% cost ok bJer\(i and reaintasn W‘a e |

L r . |

|| Give 2 examples? | equipment vsed. |

| | |
| |

|
| How does the exercise you just carried oUt ON | T enapies LSO hoose G rouke which |
| synthesi

e

s of aspirin display the central role of
pir Isplay |{3TO€3\}099 nmore degired outcomes and le$

chemistry in the mitigation of global | . — |
|L'\.C$5t:e»prod'\)(l‘§$, s 1S eerelicaal for

sustainability issues? ( [21 {

| /e envronimen |
| —" | 5

| | : |
|. | '

_______._.—-——-—'___—-__'_.._________.—-—-—___

SYSTEMS THINKING IN SUSTAINABILITY

Sustainability is all about systems and making sure we are thinking about the entire picture so we can
address a problem from all angles. It is important that we start seeing the Earth as a system. Within this
system, there are other systems such as People, Planet and Profit. All three systems are tightly
interconnected and initiatives to address one often overlap with the other. Just like, there would not be
people withouta planet, there would not be a business without people, and there would not be prosperity
without business.

Sustainable systems thinking is a mindset that helps us to untangle and work within the complexity of life
on Earth. It helps us to better understand the impact of our work on the world around us and be responsible

for what we create and how we innovate. An important step in developing a systemic approach is t0 find

5



the source of the problems, as these increases the chances of identifying the leverage. Leverage isa small,
focused action, that can produce significant changes with a minimum effort. Leverage can also be achieved
by weakening the symptomatic response to the problem while strengthening the fundamental solution.
Leverages resultsin viable, bearable and equitable options during problem solving. The aspirin manufacture
forms a part of the aspirin system, which includes engineering, the planet, people, human health, and
economics.

" SUSTAINABLE

Sustainability strives for:
« Viable environmental-economic impact: Business is executed with the environment and resources
in mind.

o Bearable socio-environmental impact: Develop healthy habits that benefit the society and the
environment.

» Equitable socio-economic impact: The generation of economic opportunity for both businesses
and individuals.

ROLE PLAY ACTIVITY

e An Engineer in partnership with a chemist decides that there is a need to upgrade the aspirin
manufacturing plant for sustainability. They takes up the idea to the board, which includes the
Finance manager, the Environmental officer and the Community representative.
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EXPERIMENTAL DATA

FUNCTIONAL UNIT: This LCl is for the manufacture of 1500 kg of Aspirin.

"In order to produce 1500 kg of Aspirin, we have to start with 1150 kg salicylic acid and 616.67 kg of |
methyl acetate.
Salicylic acid can be produced using 3 routes. ‘

| LCI will be used to find the greener route of producing 1150 kg of salicylic acid. J

Refer to the aspirin manufacture information document where necessary.

Question 1

Complete Table 1-3 below by calculating the mass of the components needed to synthesize the product
per table. Do not calculate the shaded blocks in the tables.

a. Complete Table 1 below by calculating the exact mass (in kg to two decimal places) of the components
needed to synthesize 1150 kg of salicylic acid from phenol. [5]
Refer to the Table 1 DATA SHEET on page 7 in the aspirin manufacture document.
From Table 1 on page 7:

927 kg phenol was put in to produce 1000 kg of Salicylic acid
927 kg C4HsOH = 1000 kg SA
x kg CeHsOH = 1150 kg SA

927 kg CoHsOH x 1150 kg SA
1000 kg SA

x kg CcHsOH = =1066.05 kg

Table 1: Material balance for the production of 1150 kg of salicylic acid from phenol
(Refer to Table 1 page 7)

| CONMPONENT | INPUT (kg) ‘ PRODUCT (kg) | WASTE (kg) |
| | |
phenol ‘ 1066.05 ‘ _— | 117.30 |
Sodium hydroxide 4 53; 10 ’% | — | - |
Carbon dioxide .. b”l 35 \77‘\ I. — : 233-u¢ v | 5
Sulfuric acid | 5‘1 l) t§ A |J _ | m 95 V\J
activated carbon . 9.1 \, 60 v | . 'I 2 6 0 " |
water | - / — | 20 4 10 A
sodium sulfate | — -~ ! 805 00 V\'
| salicylic acid !| — \ 1150 | 9472-65 v

B2 00



b. Complete Table 2 below by calculating the exact mass (in kg to two decimal places) of the components
needed to synthesize 1150 kg of salicylic acid from oil of wintergreen. [2.5]
Refer to the Table 2 DATA SHEET on page 7 in the aspirin manufacture document.

From Table 2 on page 7:

1380.74 kg sodium hydroxide was put in to produce 1000 kg of Salicylic acid
1380.74 kg NaOH = 1000 kg SA
x kg NaOH = 1150 kg SA

1380.74 kg NaOH x 1150 kg SA

x kg NaOH = 1000 kg SA = 1587.85 kg /
SV,
Table 2: Material balance for the production of 1150 kg of salicylic acid from oil of wintergreen
(Refer to Table 2 page 7)
[— COMPONENT | INPUT (kg) || PRODUCT (kg) ‘ WASTE (kg) |
= ' | ' |
‘_Sodium hydroxide ‘| 1587.85 ! ‘ J
Sulfuric acid \ L
‘. ulfuric aci i \‘1\,\5‘\\ \l ‘ J
|| Oil of wintergreen ! LY ‘Lb\ ‘/\‘ | ‘
Pwater ‘ ‘ ‘ \1 9 56 g A\ ﬂ
salicylic acid | ‘ 1150 ‘ ||
thanol ‘ | .
‘ methano ‘| i | 266 (76 L\ |
_— -
‘. Sodium sulfate | | | i . gb% }25

¢. Complete Table 3 below by calculating the exact mass (in kg to two decimal places) of the components
needed to synthesize 616.67 kg of methyl acetate. [1.5]

Refer to the Table 3 DATA SHEET on page 7 in the aspirin manufacture document.
From Table 3 on page 7:
866.48 kg methanol was put in to produce 1000 kg of methyl acetate

866.48 kg CH;OH = 1000 kg MA
xkg CH;0H = 616.67 kg MA

866.48 kg methanol x 616.67 kg MA
x kg CH;OH = =534.33 kg

1000 kg MA
Table 3: Material balance for the production of 616.67 kg of methyl acetate from natural gas { C\)
(Refer to Table 3 page 7) ¢
| COMPONENT | INPUT (kg) | PRODUCT (kg) | WASTE (kg) T
[ methanol ' 534.33 | ' 267.68 |
—= — I -
Lwater | | U9 | 28 N
acetic acid _'— ] 00 | %-‘ “\ |I || |
'| methyl acetate | ' il 616.67 |. 32 lm e |




Question 2

The % atom economy (calculated in the pre-practical) for route 1 and route 3 is shown in Table 4 row 1.

Refer to the calculated mass in Table 1 and 2 and calculate:

a. in row 2 the % reaction mass efficiency of salicylic acid for the route 1 and route 2. [2]

b. in row 3 the % yield of salicylic acid for the two routes. 2]
For route 1 theoretical yield of salicylic acid is'1359 kg.
For route 3 theoretical yield of salicylic acid is 1191 kg.

c. inrow & the E-factor (total waste) (in kg) [2]
Answer the four questions that follow. % {71
| Table 4 ' \
‘ Green matrix and meaning ‘ Route 1 | Route 3 ‘
| % Atom economy '| 65.22 % | 54.88 % _‘
How efficient the process is in terms ofatoms | | |
’_% Reaction mass efficiency ' 1}e]8) |00 | 150 * C
—rerwi ~ | = |
‘ How efficient the process is in terms of amount | 24719168 ‘ A \
| of inputs to product =23 (p% / | :)1'0\0_%’/ |
1 !
[+) 1 ¥k | o |
| % Yield B0 \00% | Jlig-\e X \(07. |
‘ How efficient the chemical reactions are. ‘ 12,59 v na
| | N . 1
| E-factor (Total waste) (in kg) | 3_3'%.u 5 +\\'\-?z‘%\- \l&_‘\é’)‘ ) &:\3‘63 ,‘.9_66’6{) i
How efficient the chemical reactions in terms of | _\_’19\"23 “\6[)‘;0“' T ‘ + 56206,
| waste produced. ' -
waste produce | = \%’L‘)\\k\y = 6032, \uy 8 |
’Ensider the calculated green metrics and decide which ‘ QQU'U:-‘.L’ .

- I_
‘ SA synthetic route you would select for your company. ‘Be cause the oO™ € Coshfh"”‘d 'tshg?'f}e",ec;
for rouvte | unich nean ot -

i Justify your choice. {21 |\ees oaSte and 11§ better for the
| Ienw ronwment Ce m%ehq{13) ‘
"What type of system boundary (Cradle to gate or Gate || (]oéﬁ/bo 6{1’0@ |

to grave or Cradle to grave or Gate to gate) is |
implemented in this inventory? - ‘ ) |
‘ Refer to Figure 3, Page 4 of the Aspirin Manufacture | |
‘ document. 1] | |

7 ehC
" Would expansion of the boundaries 1o include the raw | Ye Sﬂerousﬁ’,\ raw matenal |

In
| material extraction processes likely result in your e K QCb o P"QS‘/{QQ of foute 3 |

i i ?
change of choice of the more sustainable route: (S rhore custamable thon

Explain in brief 2] | woute . |

e ' de e
Phenol is obtained from crude oil. Crude oil is a non- The deplech SF])('.U e ol woud |
"nean (ess avoricbl ny @e pheﬂOI |

_ - lgince ol 1S cu/mz% re ne Woble
| crude oil reserves have on the cost of buying aspirin? | resource . Therefor® the productto nof

It would nse lhhence ine PV]C.Q____Q[)'
CLS,PHV\ t \:Li\d nerCase . |

‘ renewable resource. What effect would depletion of

I_Brieﬂy explain. [21 |




Question 3

-

oo pe T TR
[ Answer the following questions in the space provided: |

@; How can the impact al, social or |°%\5 (QU&_‘_\Y\S b\d -produces ed
|economic) of the inputs and output be | Tise IN \)Ob opportuf‘lihaﬁ,
| minimized or managed to make the process | mfnfm (ZQ waste ©
| sustainable? [2] | |
| o RYQUS Of exfroction protesEs would |
| I| be les polluted ip yepowqble procecced |

Cware emplojed. 7 |
| | | |
| |

$ to d

o os wel (JI;'
|

(environment

A S, i, ——
( C

[ R,
| How can the impact (environmental, socialor | © (OQE" Of - ‘\’(0‘(&&%&(}“0[\ ‘i/(g/ |

P economic) of energy be minimized ormanaged |4 ( 0§t O ’
q to make the process sustainable? {21 || F la \:D\'\‘ / Woft 'FO/(L/

T

| e
| Besides the energy costs and the buying all |-\,QSS USO!)Q OF non- M‘Mﬂ\?w P(@(QQS‘Q‘ Ctﬁ\ |
|

| the raw materials, what other cost | et @5
@\ implications do you anticipate the aspirin | \NJP,U A the u{;(", ,Df more [Qﬂw.)qldé O,ﬂ a
manufacturing process to incur? [21 || \N‘)U&d encuwe N\\mmal QNLTQ& i 'V\Kj\ iC

e w0 Qutpinable | |

| Give 2 examples? | |
| L \iger wort fofees woud/mate e |

|
@I How does the exercise you just carried out on | “\mﬁ\\ cWWHS'Hg Wwe an dble to CQ{’G(m(,@( |
. . \ S
| synthesis of -asplrm display the central role of || [Ll&fa[mbléﬂﬁrfoi%(u QV%VLP(OUQWQI’\K, |

| chemistry in the mitigation of global |

| sustainability issues? 2] || 0 ohoure ;IWP/ \[. q Y0 §L:L§fﬁ“’\0| b |

| - Approvch |
|
| |

I—////

SYSTEMS THINKING IN SUSTAINABILITY

Sustainability is all about systems and making sure we are thinking about the entire picture so we can
address a problem from all angles. Itis important that we start seeing the Earth as a system. Within this
system, there are other systems such as People, Planet and Profit. All three systems are tightly
interconnected and initiatives to address one often overlap with the other. Just like, there would not be
people without a planet, there would not be a business without people, and there would not be prosperity
without business.

Sustainable systems thinking is a mindset that helps us to untangle and work within the complexity of life
on Earth. It helps us to better understand the impact of our work on the world around us and be responsible
for what we create and how we innovate. An important step in developing a systemic approach is to find

5



the source of the problems, as these increases the chances of identifying the leverage. Leverage is a small,
focused action, that can produce significant changes with a minimum effort. Leverage can also be achieved
by weakening the symptomatic response to the problem while strengthening the fundamental solution.
Leverages resultsin viable, bearable and equitable options during problem solving. The aspirin manufacture
forms a part of the aspirin system, which includes engineering, the planet, people, human health, and
economics.

Sustainability strives for:
o Viable environmental-economic impact: Business is executed with the environment and resources
in mind.
o Bearable socio-environmental impact: Develop healthy habits that benefit the society and the
environment.
o Equitable socio-economic impact: The generation of economic opportunity for both businesses
and individuals.

ROLE PLAY ACTIVITY

e An Engineer in partnership with a chemist decides that theré is a need to upgrade the aspirin
manufacturing plant for sustainability. They takes up the idea to the board, which includes the
Finance manager, the Environmental officer and the Community representative.
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EXPERIMENTAL DATA

FUNCTIONAL UNIT: This LCl is for the manufacture of 1500 kg of Aspirin.

"Inorder to produce 1500 kg of Aspirin, we have to start with 1150 kg salicylic acid and 616.67 kg of ]

‘ methyl acetate. ‘
Salicylic acid can be produced using 3 routes.

‘ LCl will be used to find the greener route of producing 1150 kg of salicylic acid. ‘

Refer to the aspirin manufacture information document where necessary.

Question 1

Complete Table 1-3 below by calculating the mass of the components needed to synthesize the product
per table. Do not calculate the shaded blocks in the tables.

a. Complete Table 1 below by calculating the exact mass {in kg to two decimal places) of the components
needed to synthesize 1150 kg of salicylic acid from phenol. [51
Refer to the Table 1 DATA SHEET on page 7 in the aspirin manufacture document. !-"'
From Table 1 on page 7: )

927 kg phenol was put in to produce 1000 kg of Salicylic acid
927 kg C;HsOH = 1000 kg SA
x kg CeHsOH = 1150 kg SA

927 kg C¢HsOH x 1150 kg SA
1000 kg SA

x kg CsHsOH = = 1066.05 kg

Table 1: Material balance for the production of 1150 kg of salicylic acid from phenol
(Refer to Table 1 page 7)

| COMPONENT INPUT (kg) PRODUCT (kg) WASTE (kg)
phenol 1066.05 11730
Sodium hydroxide uﬁ; {l ( “} S[ _
Carbon dioxide 6‘\“{)% &3—%[‘?

| Sulfuric acid [’D’H )5595 “’(‘ , q(J?,

activated carbon N, 40 - a3l
e _Joy A
| sodium sulfate | ‘ | %qu | J
Bl_icylic acid | ‘ 1150 ‘ ()hpl 643« |




b. Complete Table 2 below by calculating the exact mass (in kg to two decimal places) of the components
needed to synthesize 1150 kg of salicylic acid from oil of wintergreen. [2:5]
Refer to the Table 2 DATA SHEET on page 7 in the aspirin manufacture document.

From Table 2 on page 7:
1380.74 kg sodium hydroxide was put in to produce 1000 kg of Salicylic acid

1380.74 kg NaOH = 1000 kg SA
x kg NaOH = 1150 kg SA

o vao = 35074 kg NaOHx 1150kgSA _ com ooy
x kg MavH = 1000 kg SA = G2 kg

Table 2: Material balance for the production of 1150 kg of salicylic acid from oil of wintergreen
(Refer to Table 2 page 7)
—

- COMPONENT

INPUT (kg) PRODUCT (kg) | WASTE (kg)

‘ Sodium hydroxide || 1587.85 T \ ‘

‘ Sulfuric acid l! \LJLEJ ” 4 !
‘. 0il of wintergreen | mgg}éob //C.! ‘ |

’»water ‘ ‘ || 'l—lgj ég // J

| — |
| e
|

1150 |

- | - || J€6,66 "/ 4'
|. Sodium sulfate | ‘ | gégéjg"

salicylic acid

‘ methanol

¢. Complete Table 3 below by calculating the exact mass (in kg to two decimal places) of the components
needed to synthesize 616.67 kg of methyl acetate. [1

Refer to the Table 3 DATA SHEET on page 7 in the aspirin manufacture document. @,

From Table 3 on page 7:
866.48 kg methanol was put in to produce 1000 kg of methyl acetate
866.48 kg CH;0OH = 1000 kg MA
x kg CH;OH = 616.67 kg MA

866.48 kg methanol x 616.67 kg MA _ o\ 4oy
1000 kg MA = 53%93 kg

xkg CH;0H =

Table 3: Material balance for the production of 616.67 kg of methy! acetate from natural gas
(Refer to Table 3 page 7)
" COMPONENT INPUT (kg) | PRODUCT (kg) '| WASTE (kg)

|

M '| 534.33 | | ,26?.?/34 ﬂ
water ) (L_@‘f L
hmmdlm Z 1 T 4 L,EI X j

e | [ ew (3077

S WSS I— S




Question 2

The % atom economy (calculated in the pre-practical) for route 1 and route 3 is shown in Table 4 row 1.
Refer to the calculated mass in Table 1 and 2 and calculate:
a. in row 2 the % reaction mass efficiency of salicylic acid for the route 1 and route 2. 2]
b. in row 3 the % yield of salicylic acid for the two routes. [2]
For route 1 theoretical yield of salicylic acid is 1359 kg.
For route 3 theoretical yield of salicylic acid is 1191 kg.

c. inrow 4 the E-factor (total waste) (in ke) [2]
Answer the four questions that follow. 71
‘ Table 4 ]
|
Green matrix and meaning '| Route 1 \ Route 3 |
% Atom economy | 65.22% | 54.88 % ]
How efficient the process is in terms of atoms ‘ ‘ J
F% Reaction mass efficiency ‘ S0 . ‘ (5O ©C. |
‘ How efficient the process is in terms of amount ‘ = a "27(7 % o9 ‘ z; , X N |
. 2471927 = 3%, c0], Qs
‘ of inputs to product | / a| =0, 4 % J
% Vield | | \ -
‘ How efficient the chemical reactions are ‘ \-\60 X0 5 ‘ L‘{S‘Eé \6 \‘ O)Q )3
| . | 852 —guey nAl Lo 57, 2
= , 3

i E-factor (Total waste) (in kg) ‘ ‘ ‘
‘ How efficient the chemical reactions in terms of ‘ [ 3 lcfl 6 S | Lf 4 C/( O3 |
‘ waste produced. | / | )& J

‘ Consider the calculated green metrics and decide which ‘ QCU ke 2 /éSS NS e s |
SA synthetic route you would select for your company. ‘ ‘\O(CC\UQ(’) ond ik ~oas o |

‘Justify your choice. [2] ‘\m‘ Wee TEaTAVESS eSS ‘

el Cic ency
rWhat type of system boundary (Cradle to gate or Gate# J j
‘ to grave or Cradle to grave or Gate to gate) is | Cf\CldKQ_ te graue . |
‘ implemented in this inventory? ‘ 6 ><
| Refer to Figure 3, Page 4 of the Aspirin Manufacture ) ‘ ‘
Eocument. [,I] ‘ |

—

' esto] I O S TP
‘ Woulq expanSIo.n of the bound'arles to mcliude the raw ‘ 3@% Eﬁ(a : C e M&l\od |
material extraction processes likely result in your , | " qu‘t&
‘ change of choice of the more sustainable route? | uge d ) @p+(ac,(r e - :
21 ) S \r\arrf\ﬁql a4 e enue (M,Ys,} ‘

‘. Explain in brief U e [+ (S netas S usteiacdle. ‘
‘ Phenol is obtained from crude oil. Crude oil is a non- TE oY o Crease A (@ ?bxtw |
WK |

e : - ik
. What eff Id depletion of Ct%iﬁf\amc@@s*sw\c(a
| renewable resource What effect would depletion o ‘|i!\\-€> S‘@O‘fé‘“ @r Pheﬂo\ { |

Lerooe. <\ veh s befio

- . |
lodeled <6 o en-fehev
4(([2__!,&,’&_‘1?%1@&_(_1: 3 ,‘:q' i C.!h dp/y\o,(-\ J:‘f |

ool Lo sSupply ceemld
aatase Ko &St .

‘ crude oil reserves have on the cost of buying aspirin?

‘ Briefly explain.




Question 3

I__,’/_________.__—-———
| Answer the following questions in the space provided: '

e I
| How can the impact (environmental, social or |, yeo Caw die cardd wacte Propy kU (o]

| economic) of the inputs and output be ﬁ,r(uech werker  from e ime Comboan mecke
| minimized or managed to make the process | i [ | 3 ; "

. aucx "--—-~:<-—-v—-:—-'i-—-'—-— —rerTe - ALe Sed .|
| sustainable? 2]

| |‘ We Can ve~— S /EL‘Q oxt?vi—k’g So ||

|| el we o Lo able L= Suve |
| ||° A‘F{'e’ v o"“’““"“"“j Ae dwes . au\u{LO ‘
| |Jaw,€s S{,\ou\oi \00 P lawté_ox o acor CJ |
| e e @
| How can the impact (environmental, social or |/ . .o

Wl v €5 Ccen \"wu.psk

-—

weov @ un

| - e
economic) of energy be minimized or managﬁed freemes SourceS of  emecyyy- |

| to make the process sustainable? A2} | i
{ .“’]b (_cwtvu.vu'ﬂ, AS wine wee  fress \ e is |
-

| |,

| it o |

| |
Besides the energy costs and the buying all

| A .
| the raw materials, what other cost | & @‘?t’uv iy U’(‘/’T"ac Loleces awno‘ |
| implications do you anticipate the aspirin | o ashe C)QS‘)USQ \ ||
| manufacturing process to incur? )74 || |
|

s |

| Give2 examples? | |

|
. | |
| | |
| e
How does the exercise you just carried out on | Tok Lelped us = uwoicvglcquc} {te !
| synthesis of aspirin display the central role of | reex= of aspt s Sqgudless - |
| chemistry  in the mitigation of glopal |* TL \Ae\?c.r/\ s dv  be «ble 4w ||
| sustainability issues? 2] _.-i-'-e%w.r PRI Tee W@ ok Sushada Lie |
| ,]rvnka |
| |_a i—'c a“ow/"‘/'“ms ) wace F)vac.&tftc'ks ||

'?/P/Q&%M#_———f‘

SYSTEMS THINKING IN SUSTAINABILITY

Sustainability is all about systems and making sure we are thinking about the entire picture so we can
address a problem from all angles. It is important that we start seeing the Earth as a system. Within this
system, there are other systems such as People, Planet and Profit. All three systems are tightly
interconnected and initiatives to address one often overlap with the other. Just like, there would not be
people without a planet, there would not be a business without people, and there would not be prosperity
without business.

Sustainable systems thinking is a mindset that helps us to untangle and work within the complexity of life
on Earth. It helps us to better understand the impact of our work on the world around us and be responsible

for what we create and how we innovate. An important step in developing a systemic approachisto find

5



the source of the problems, as these increases the chances of identifying the leverage. Leverage is a small,
focused action, that can produce significant changes with a minimum effort. Leverage can also be achieved
by weakening the symptomatic response t0 the problem while strengthening the fundamental solution.
Leverages results in viable, bearable and equitable options during problem solving. The aspirin manufacture
forms a part of the aspirin system, which includes engineering, the planet, people, human health, and
economics.

' SUSTAINABLE

Sustainability strives for:
« Viable environmental-economic impact: Business is executed with the environment and resources

in mind. \

« Bearable socio-environmental impact: Develop healthy habits that benefit the society and the
environment.

s Equitable socio-economic impact: The generation of economic opportunity for both businesses
and individuals.

ROLE PLAY ACTIVITY
s An Engineer in partnership with a chemist decides that there is a need to upgrade the aspirin
manufacturing plant for sustainability. They takes up the idea to the board, which includes the
Finance manager, the Environmental officer and the Community representative.
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EXPERIMENTAL DATA

FUNCTIONAL UNIT: This LCl is for the manufacture of 1500 kg of Aspirin.

(In order to produce 1500 kg of Aspirin, we have to start with 1150 kg salicylic acid and 616.67 kg of |
methyl acetate. ‘

‘ Salicylic acid can be produced using 3 routes.

| LCl will be used to find the greener route of producing 1150 kg of salicylic acid. ‘

Refer to the aspirin manufacture information document where necessary.

Question 1

Complete Table 1-3 below by calculating the mass of the components needed to synthesize the product
per table. Do not calculate the shaded blocks in the tables.

needed to synthesize 1150 kg of salicylic acid from phenol.

a. Complete Table 1 below by calculating the exact mass (in kg to two decimal places) of the component
[5]
Refer to the Table 1 DATA SHEET on page 7 in the aspirin manufacture document.

From Table 1 on page 7:

927 kg phenol was put in to produce 1000 kg of Salicylic acid
927 kg CcHsOH = 1000 kg SA
x kg CsHsOH = 1150 kg SA

927 kg CsHsOH x 1150 kg SA
1000 kg SA

x kg CeHsOH = = 1066.05 kg

Table 1: Material balance for the production of 1150 kg of salicylic acid from phenol
(Refer to Table 1 page 7)

r COMPONENT ' INPUT (kg) ' PRODUCT (kg) WASTE (kg) J
|
| phenol 1066.05 | 117.30 '
E}dium hydroxide ‘ 0o VO / | 4‘
. . | = _/’F
Carbon dioxide ==y 3€ 223 . 4_9_7
ﬁulfuncaad = 56/),.,‘ | |L',C(5./)4‘
activated carbon |. 1 \\ A 6 || Q\\ Xe) 4 |
| water ! ] 2T0OL __}ﬁ |
Fsodium sulfate ‘ FOS . O@ ‘
salicylic acid 1150 ‘ Q419 . & 55 ‘




b. Complete Table 2 below by calculating the exact mass (in kg to two decimal places) of the components
needed to synthesize 1150 kg of salicylic acid from oil of wintergreen. [2.5]
Refer to the Table 2 DATA SHEET on page 7 in the aspirin manufacture document.

From Table 2 on page 7:
1380.74 kg sodium hydroxide was put in to produce 1000 kg of Salicylic acid

1380.74 kg NaOH = 1000 kg SA
xkg NaOH = 1150 kg SA

vo naoH = 138074 kg NaOH x 1150 kg SA _ | oo o
x kg Nav = 1000 kg SA = 921G

Table 2: Material balance for the production of 1150 kg of salicylic acid from oil of wintergreen
(Refer to Table 2 page 7)

COMPONENT || INPUT (kg) PRODUCT (kg) | WASTE (kg) 1
|
|
’;:lium hydroxide ‘ 1587.85 || ‘
T ] |
Sulfuric acid ‘ e 45 ‘\7 ‘ ‘
| 1
Oil of wintergreen ‘ |148% G\ O ‘ ‘ |
mater - T ﬁ
" | \ 1% . ©3 "
| 7 1
salicylic acid 1150 | |
| |
| 7
‘ methano! l ‘ ;_66 66 “ _|
‘ Sodium sulfate || l || %6 3 6 %% |
¢. Complete Table 3 below by calculating the exact mass (in kg to two decimal places) of the components’
needed to synthesize 616.67 kg of methyl acetate. [f [1.5]
Refer to the Table 3 DATA SHEET on page 7 in the aspirin manufacture document. ~—
From Table 3 on page 7:
866.48 kg methanol was put in to produce 1000 kg of methyl acetate
866.48 kg CH;0H = 1000 kg MA
x kg CH;OH = 616.67 kg MA
va CH.OH = 866.48 kg methanol x 616.67 kg MA 534.33 k
XRKgEHsTH = 1000 kg MA = 53433 %9
Table 3: Material balance for the production of 616.67 kg of methyl acetate from natural gas
(Refer to Table 3 page 7)
COMPONENT | INPUT (kg) | PRODUCT (kg) \ WASTE (kg) _‘
| ! e
| methanol 534.33 267.68
| | -

water | | 14a .28/ |
acetic acid ‘ lOO\ %3 " ! ‘ |

i methy!l acetate | | 616.67 | 31 i O‘} 55 B




Question 2

The % atom economy (calculated in the pre-practical) for route 1 and route 3 is shown in Table 4 row 1.
Refer to the calculated mass in Table 1 and 2 and calculate:
a. in row 2 the % reaction mass efficiency of salicylic acid for the route 1 and route 2. 2]
b. in row 3 the % yield of salicylic acid for the two routes. 2]
For route 1 theoretical yield of salicylic acid is 1359 kg.
For route 3 theoretical yield of salicylic acid is 1191 kg.

c. inrow 4 the E-factor (total waste} (in ke) [2]
Answer the four questions that follow. [7]
’7 Table 4 ‘
Green matrix and meaning ' Route 1 Route 3 '.
% Atom economy ‘ 65.22 % 54.88 % 4‘
How efficient the process is in terms of atoms | ‘
% Reaction mass efficiency MoO ﬂOO A EIE-T<X. A |
- - 2cr3%-6S 77 ! s02..57% A
How efficient the process is in terms of amount ‘E

of inputs to product | = 5% : 6‘&2 It‘— 9\2 Q’@ % L“

% Yielt:f h -\\l%% % VGO % L« @% ‘?
How efficient the chemical reactions are. ] 7 i o )
| — 54037 |= 96562
mactor (Total waste) (in kg) 13345+ |4 A5 T 21160 1 33.63 + 26066+ 563605

AN BES+ 2416
‘ How efficient the chemical reactions in terms of 204 24265

\ waste produced. =\ 6 Q\C\ ) 6%{2 @Oaa . |4 k_ﬂ II\_J;

I Consider the calculated green metrics and decide which ‘ Rouvte A e coue
| SA synthetic route you would select for your compan}/. 1proc\UC63 \ess waste .

Justify your choice. | [2] l

‘ —

|

| |
FWhat type of system boundary (Cradle to gate or Gate | [
to grave or Cradle to grave or Gate to gate) is |

‘ implemented in this inventory? . |
‘ Refer to Figure 3, Page 4 of the Aspirin Manufacture 74 ‘
document. [1]/. C‘-Od\e tCJ C'ique/ |

material extraction processes likely result in your S vl resuldt ‘

’T/\/ould expansion of the boundaries to include the raw \IC‘S ) e‘ﬂ &@W% «woier’\od 4‘

change of choice of the more sustainable route? e,x+rcxo*\§>“ Vackh 1S
' s fhe Scmma : ‘cr\efﬁ Yo whach 'S ‘
Explain in brief 121 e U L a5

| "4

Fhe oSt o§/bu:j\ aASPYN RO @
. incrense roecause e supply of |
renewable resource. What effect would d?pletloh.of asoIN S truted 4o Ahe proo\l-l a
‘ crude oil reserves have on the cost of buying aspirin? of ' ccude o\, so "(l +he crude ol

s ek Wi\‘he(\ the suppiy ¢
‘ Briefly explain. ('[2] jemzfx o-(:_as‘ptnﬂ ol r\o-!:jbt’_|
| S — ‘c,c'uu.} 'u?.adur & O TUY T ease

N the price @F oSpINLy

Phenol is obtained from crude oil. Crude oil is a non-




Question 3

Answer the following questions in the space provided:

How can the impact (environmental, social or
economic) of the inputs and output be
minimized or managed to make the process

t[?-/l

sustainable?

6\0 ;ror\mer'\i\'a—‘
0‘3“‘3 resources effiaend) Y-

e Maximitang e use O?
tThe reac\ogw order 4o
educe waste.

How can the impact (environmental, social or

economic) of energy be minimized or managed .eﬁ ePrcdud Ane cesoucesS sxin
to make the process sustainable? @ \W‘“g (e Arees (winkesqreen)
or -p\rv:)\\n

procuce

ve meth 4o
3m‘fs (_sﬂrﬂchek“cw\jb.

Besides the energy costs and the buying all
' the raw materials, what other cost
implications do you anticipate the aspirin
manufacturing process to incur?

Give 2 examples?

o Cosy o chctaﬂﬁg.
. Distrjburion ¢cests.

How does the exercise you just carried out on
| synthesis of aspirin display the central role of
chemistry the of global
sustainability issues?

in mitigation

susteunadals
Chemd

Q_Z]/me_asu

Green Chervu5+r\,

The exercise, eclucategsus mae aboud
wikach ehom Aot

‘:n.d'h N NECesSS
such o& E :
N‘Md\ S "to

&

MunMm | ze e,rwlrof\me’daj ! t
dun ngy + osluch on angl use '
! Chemc a.dg ; ~

SYSTEMS THINKING [N SUSTAINABILITY

Sustainability is all about systems and making sure we are thinking about the entire picture so we can
address a problem from all angles. It is important that we start seeing the Earth as a system. Within this
system, there are other systems such as People, Planet and Profit. All three systems are tightly
interconnected and initiatives to address one often overlap with the other. Just like, there would not be
people without a planet, there would not be a business without people, and there would not be prosperity

without business.

Sustainable systems thinking is a mindset that he

Ips us to untangle and work within the complexity of life

on Earth. It helps us to better understand the impact of our work on the world around us and be responsible
for what we create and how we innovate. An important step in developing a systemic approach is to find

5



the source of the problems, as these increases the chances of identifying the leverage. Leverage is a small,
focused action, that can produce significant changes with a minimum effort. Leverage can also be achieved
by weakening the symptomatic response to the problem while strengthening the fundamental solution.
Leverages results in viable, bearable and equitable options during problem solving. The aspirin manufacture
forms a part of the aspirin system, which includes engineering, the planet, people, human health, and
economics.

 SUSTAINABLE

Sustainability strives for:
e Viable environmental-economic impact: Business is executed with the environment and resources

in mind. \
e Bearable socio-environmental impact: Develop healthy habits that benefit the society and the
environment.
» Equitable socio-economic impact: The generation of economic opportunity for both businesses
and individuals.

ROLE PLAY ACTIVITY

e An Engineer in partnership with a chemist decides that there is a need to upgrade the aspirin
manufacturing plant for sustainability. They takes up the idea to the board, which includes the
Finance manager, the Environmental officer and the Community representative.
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EXPERIMENTAL DATA

FUNCTIONAL UNIT: This LCl is for the manufacture of 1500 kg of Aspirin.

| In order to produce 1500 kg of Aspirin, we have to start with 1150 kg salicylic acid and 616.67 kg of ‘
| methyl acetate.

| Salicylic acid can be produced using 3 routes.

| LCI will be used to find the greener route of producing 1150 kg of salicylic acid. ‘

Refer to the aspirin manufacture Information document where necessary.

Question 1

Complete Table 1-3 below by calculating the mass of the components needed to synthesize the product
per table. Do not calculate the shaded blocks in the tables.

a. Complete Table 1 below by calculating the exact mass (M\A_/gﬁzgmaj_maces) of the components
needed to synthesize 1150 kg of salicylic acid from phenol. [5]

Refer to the Table 1 DATA SHEET on page 7 in the aspirin manufacture document,
From Table 1 on page 7:

927 kg phenol was put in to produce 1000 kg of Salicylic acid A/ 3
927 kg CsHsOH = 1000 kg SA \

927 kg CsHsOH x 1150 kg SA
1000 kg SA

x kg CeHs OH = =1066.05 kg

Table 1: Material balance for the production of 1150 kg of salicylic acid from phenol
(Refer to Table 1 page 7)

| COMPONENT | INPUT (kg) \ PRODUCT (kg) | WASTE (kg) ‘
| | | |
' phenol || 1066.05 | | 117.30
| |
| Sodium hydroxide l 453,10 LA I! ‘ |
‘ Carbon dioxide .I G}? R \55 \/\ l | :l33 pt'\y{/\ |
—— i i ’
r‘ Sulfuric acid | 531,55 \/\I ' F4e GS ﬂl
= | | .
| activated carbon | 211 .80 1/-\\' Al .60 \4\
water ' | ' ‘ Fo |
‘ | I 204,30 JI\
‘ sodium sulfate | | ‘ [ £05.5) ,

‘ salicylic acid | 1150 k2. G5 \/\




b. Complete Table 2 below by calculating the exact mass (in kg to two decimal places) of the components
needed to synthesize 1150 kg of salicylic acid from oil of wintergreen. [2.5]
Refer to the Table 2 DATA SHEET on page 7 in the aspirin manufacture document.

From Table 2 on page 7:
1380.74 kg sodium hydroxide was put in to produce 1000 kg of Salicylic acid

1380.74 kg NaOH = 1000 kg SA
x kg NaOH = 1150 kg SA

ko Naop — 138074 kg NaOH x 1150 kg s _
xrgNagh = 1000 kg SA = OS9G

1<

Table 2: Material balance for the production of 1150 kg of salicylic acid from oil of wintergreen
{Refer to Table 2 page 7}

COMPONENT INPUT (kg) PRODUCT (kg) | WASTE (ke)

Sodium hydroxide | 1587.85

| Sulfuric acid | 1945 - ] A |
Oil of wintergreen [HE5.6 1 A
water 135-653 /\
salicylic acid 1150 i
methanol | 266.C¢ ‘-/) I
Sodium sulfate | 5636.55 \/\

¢. Complete Table 3 below by calculating the exact mass (in kg to two decimal places) of the components
needed to synthesize 616.67 kg of methyl acetate. [1.5]

Refer to the Table 3 DATA SHEET on page 7 in the aspirin manufacture document.
From Table 3 on page 7:
866.48 kg methanol was put in to produce 1000 kg of methyl acetate

866.48 kg CH;0H = 1000 kg MA
xkg CH;OH = 616.67 kg MA

o CHOH = 866.48 kg methanol x 616.67 kg MA 53433 &
XRGLILOH = 1000 kg MA = 2oRes kg

Table 3: Material balance for the production of 616.67 kg of methy! acetate from natural gas \ 5
(Refer to Table 3 page 7) ¢

' COMPONENT INPUT (kg) PRODUCT (kg) | WASTE (kg)
" methanol 534.33 | 267.68
' = a |
water | | 149, 2.8 /\ |
acetic acid l 1001 . 8:"/\ | -
i methyl acetate 616.67 | 32.07% l/\ N




Question 2

The % atom economy (calculated in the pre-practical) for route 1 and route 3 is shown in Table 4 row 1.
Refer to the calculated mass in Table 1 and 2 and calculate:
a. inrow 2 the % reaction mass efficiency of salicylic acid for the route 1 and route 3 12]
b. inrow 3 the % yield of salicylic acid for the two routes. [2]
For route 1 theoretical yield of salicylic acid is 1359 kg.
For route 3 theoretical yield of salicylic acid is 1191 kg.

c. inrow 4 the E-factor (total waste) (in kg) [2]
Answer the four questions that follow. ‘// [7]
| Table 4
Green matrix and meaning | Route 1 Route 3
% Atom economy 65.22 % 54.88 %
How efficient the process is in terms of atoms
% Reaction mass efficiency 38,607 | 40.14 Y-
How efficient the process is in terms of amount | < <
of inputs to product | .
| | ]
% Yield | Fh.62 %, | Sl. %Y
How efficient the chemical reactions are. i /
E-factor {Total waste) (in kg) . o= Y
How efficient the chemical reactions in terms of 1§29.¢ \5’*&\ ' 4.9 . {5
waste produced. -

Consider the calculated green metrics and decide which | 3 becciyse i
- Route it

SA synthetic route you would select for your company. Pdev( cey less S e

Justify your choice. [2]

What type of system boundary (Cradle to gate or Gate . ‘
ype of sy v ( gat Sqde o jcf‘/ﬁ’u/
to grave or Cradle to grave or Gate to gate) is

implemented in this inventory? .
Refer to Figure 3, Page 4 of the Aspirin Manufacture
document. [1]
Would expansion of the boundaries to include the raw I+ wou ldn'+ Yo € fowe 3
material extraction processes likely result in your USEs 151 ntergreen arl Fom Hrees
change of choice of the more sustainable route? which can replantcd unlike |
Explain in brief (2] [Red¥ | v hich 43és crade ojy
- | which depleig—
| Phenol is obtained from crude oil. Crude oil is a non- Asp (N fJ'f"""C”t"o U /CI |
renewable resource. What effect would depletion of . I ¢
| ncrease DECQuse more CoutY

crude oil reserves have on the cost of buying aspirin? oyl d b?in(‘uf‘f?d Jo oC Cess crucke
01l oue 1o o sTArcly

Briefly explain. [2]




Question 3

Answer the following guestions in the space provided:

How can the impact (environmental, social or
economic) of the inputs and output be
minimized or managed to make the process
sustainable? 2]

r{’{joiinj, f?(,f.\jfr(y‘ anol /E’a’ucv’(:j
Qo rEnCIY CQmef\yl)J

hefty f*?neo for those thgfl are
g'ﬂordnf fo systarnable use | op
resoyf ceo

tnvestment in Caquly"fy( converfory

How can the impact (environmental, social or
economic) of energy be minimized or managed
to make the process sustainable? [2]

use op renewable enelyq sourced
thaf have minmal jmpacts €gsclan
nifl ferbines ete \

Besides the energy costs and the buying all
the raw materials, what other cost

| implications do you anticipate the aspirin
manufacturing process to incur? [2]

Give 2 examples?

Fabour costv
asP manq 9 ementt

disaster  manggement eq spills of

explosiene  wifnin % Fack
/(/FQ Y

How does the exercise you just carried out on
synthesis of aspirin display the central role of
chemistry in the mitigation of global

sustainability issues? 2]
e

we ¢An ¢ind  alfernahue Q\SPit;n/Pfay(l('])i;-

methods w1 higher corbon\efei Iy
and fower mase ,oroa’(,((@on/f:f

&

SYSTEMS THINKING IN SUSTAINABILITY

Sustainability is all about systems and making sure we are thinking about the entire picture so we can
address a problem from all angles. It is important that we start seeing the Earth as a system. Within this
system, there are other systems such as People, Planet and Profit. All three systems are tightly
interconnected and initiatives to address one often overlap with the other. Just like, there would not be
people without a planet, there would not be a business without people, and there would not be prosperity

without business.

Sustainable systems thinking is a mindset that helps us to untangle and work within the complexity of life
on Earth. It helps us to better understand the impact of our work on the world around us and be responsible
for what we create and how we innovate. An important step in developing a systemic approach is to find

5



the source of the problems, as these increases the chances of identifying the leverage. Leverage is a small,
focused action, that can produce significant changes with a minimum effort. Leverage can also be achieved
by weakening the symptomatic response to the problem while strengthening the fundamental solution.
Leverages results in viable, bearable and equitable options during problem solving. The aspirin manufacture
forms a part of the aspirin system, which includes engineering, the planet, people, human health, and
economics.

'SUSTAINABLE

Sustainability strives for:
e Viable environmental-economic impact: Business is executed with the environment and resources
in mind.
e Bearable socio-environmental impact: Develop healthy habits that benefit the society and the
environment.
« Equitable socio-economic impact: The generation of economic opportunity for both businesses
and individuals.

ROLE PLAY ACTIVITY

« An Engineer in partnership with a chemist decides that there is a need to upgrade the aspirin
manufacturing plant for sustainability. They takes up the idea to the board, which includes the
Finance manager, the Environmental officer and the Community representative.
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EXPERIMENTAL DATA

FUNCTIONAL UNIT: This LCl is for the manufacture of 1500 kg of Aspirin.

| In order to produce 1500 kg of Aspirin, we have to start with 1150 kg salicylic acid and 616.67 kg of
methyl acetate. ‘

Salicylic acid can be produced using 3 routes.

LCI will be used to find the greener route of producing 1150 kg of salicylic acid. ‘

Refer to the aspirin manufacture information document where necessary.

Question 1
Complete Table 1-3 below by calculating the mass of the components needed to synthesize the product
per table. Do not calculate the shaded blocks in the tables.

a. Complete Table 1 below by calculating the exact mass {in kg to two decimal places) of the components
needed to synthesize 1150 kg of salicylic acid from phenol. [5]
Refer to the Table 1 DATA SHEET on page 7 in the aspirin manufacture document.

From Table 1 on page 7:

927 kg phenol was put in to produce 1000 kg of Salicylic acid
927 kg C¢HsOH = 1000 kg SA
x kg CeH;OH = 1150 kg SA
927 kg C¢HsOH x 1150 kg SA

H.OH = — 1066.05 k
x kg CeHs O 1000 kg SA 0 g

Table 1: Material balance for the production of 1150 kg of salicylic acid from phenol

(Refer to Table 1 page 7) [*
[ COMPONENT | INPUT (kg) PRODUCT (kg) |  WASTE (kg) | )
i phenol 1066.05 117.30 |

" Sodium hydroxide w5300 ' |

’Tarbon dioxide Q 11. 35 ‘

= ——

| Sulfuric acid l au5 1

| activated carbon | 211. 60

‘ water I 2 OL(-. 70

| sodium sulfate ‘ . ] 05 00

i salicylic acid 1150 '-

¥ | | 2u72.65 |




b. Complete Table 2 below by calculating the exact mass (in kg to two decimal places) of the components
needed to synthesize 1150 kg of salicylic acid from oil of wintergreen. [2.5]
Refer to the Table 2 DATA SHEET on page 7 in the aspirin manufacture document.

From Table 2 on page 7:

1380.74 kg sodium hydroxide was put in to produce 1000 kg of Salicylic acid
1380.74 kg NaOH = 1000 kg SA
x kg NaOH = 1150kg SA

1380.74 kg NaOH x 1150 kg SA _ Lo oo =
1000 kg SA - OO Kg '

x kg NaOH =

Table 2: Material balance for the production of 1150 kg of salicylic acid from oil of wintergreen
(Refer to Table 2 page 7)

COMPONENT ‘ INPUT (kg) PRODUCT (kg) WASTE (kg)
Sodium hydroxide | 1587.85
Sulfuric acid ‘ 19 u45.il J
i

‘ Oil of wintergreen | 145%.6 1 | ‘
‘water ‘ ‘ [18.63 ‘

salicylic acid | 1150 ‘ ‘
- | .
| methanol | ‘ 266.66 |
| Sodium sulfate ‘ . ‘ t2062.2% J|

¢. Complete Table 3 below by calculating the exact mass {in kg to two decimal places) of the components
needed to synthesize 616.67 kg of methyl acetate. [1.5]

Refer to the Table 3 DATA SHEET on page 7 in the aspirin manufacture document.
From Table 3 on page 7:
866.48 kg methanol was put in to produce 1000 kg of methy! acetate

866.48 kg CH;0H = 1000 kg MA
x kg CH;0H = 616.67 kg MA

o CHOH = 866.48 kg methanol x 616.67 kg MA 534 33 k —
ARASEEE 1000 kg MA AR N

\A
Table 3: Material balance for the production of 616.67 kg of methyl acetate from natural gas U
(Refer to Table 3 page 7)

]

 COMPONENT | INPUT (kg) 'l PRODUCT (kg) | WASTE (kg) |
" methanol | 534.33 | | 267.68 ‘
mter | | | LT q. 1% _‘
e | ' '
! acetic acid | jool . 3% ! | |
| methy! acetate | 616.67 l. 32 0%

| | |




Question 2

The % atom economy (calculated in the pre-practical) for route 1 and route 3 is shown in Table 4 row 1.

Refer to the calculated mass in Table 1 and 2 and calculate: 3

a. inrow 2 the % reaction mass efficiency of salicylic acid for the route 1 and routez. [2]
b. in row 3 the % yield of salicylic acid for the two routes. [2]
For route 1 theoretical yield of salicylic acid is 1359 kg.
For route 3 theoretical yield of salicylic acid is 1191 kg.
c. inrow 4 the E-factor (total waste) (in kg) 2]
Answer the four questions that follow. [71
Table 4 ‘
Green matrix and meaning ' Route 1 i Route 3 |
| |
% Atom economy | 65.22 % | 54.88 % 4

‘ How efficient the process is in terms of atoms ‘ |

% Reaction mass efficiency ‘
‘ How efficient the process is in terms of amount

i of inputs to product ‘

"% Yield

|
‘ How efficient the chemical reactions are. \ 1294 ;l,cxz,“/d ‘
- \Li
t i

‘ E-factor (Total waste) (in kg) | ‘

‘ How efficient the chemical reactions in terms of ‘ 1 ) 3 5 ’[_ ‘ /r%f
waste produced. | /R\ y
. |

honsiderthe calculated green metrics and decide which ‘ ZOM‘E. 3 beeé wse

‘ SA synthetic route you would select for your company.

- Teee is y./ e

| Justify your choice. [21 N aste
|
| !
| What type of system boundary (Cradle to gate or Gate ‘
‘ to grave or Cradle to grave or Gate to gate) is /
e/~

‘ implemented in this inventory? | Gaie 1O ij“:/
Refer to Figure 3, Page 4 of the Aspirin Manufacture ‘ '
document. [1] ‘

|
| Would expansion of the boundaries to include the raw ‘ Ues as a AN AV

material extraction processes likely result in your M ATey \aas v /
change of choice of the more sustainable route? ‘ rouxe =2 g ?(\ al
‘ Explain in brief [2] ‘ reSuit (v wAaste -
| B
" Phenol is obtained from crude oil. Crude oil is a non- | .’PHCQ ot -psP rin
‘ renewable resource. What effect would depletion of WO Wl A_Ancre 9_/5,6
| crude oil reserves have on the cost of buying aspirin? as ont + 6 rcug €S
can Ted TO
| Briefly explain. 2] Erodwce Agprit .
| P




Question 3

FAnswer the following questions in the space provided: |

| How can the impact (environmental, social or G >!'/)' 6})5 é r&o{ucfs vosedd
economic) of the inputs and output be Qoolrf/i(zd \‘)m 5/76 gc@ﬁs These /() /‘colu cCS
minimized or managed to make the process f) _ bc [ ' ! d/y I
sustainable? [2] cers éo ‘p/'cwluce oZ‘A&f

_ f’fcolucﬁ:) amo( N 6{0/"ﬂ 50 /(f (S nol
Necessos ‘o 0/ r’scaro[ g’ff cs u/asffé

e -
This reduces Che, gao‘-if‘aryp;ﬁfa«/ /W
w5 thee s bss “auste Car? iSO
influgnce the ecenomnc 7 nact becaise
Yow ¢ e mufer/a.[s ﬁ)r frec.
How can the impact {environmental, social or Bﬁ ;;\ajﬂ ey 01{ rmﬂﬁubl(; enert \L)

instead o rcél%/n on _feésil Fueb e

economic) of energy be minimized or managed

to make the process sustainable? [2] con f‘eolu»cc ' c\ 7567/@{(@4 afonal é‘j
burnfm) foss! Foels md/ﬁ% im(ze
tﬁe e\anMMcwfa( /"m/ﬂac : |
|
Besides the energy costs and the buying all T/:c coslf dF W : mmeGcmaﬂt am‘,l

the raw materials, what other cost f/) é
implications do you anticipate the aspirin fﬁ& COSé Cﬂc e . i é’y’/a \jeej

manufacturing process to incur? [2] g;,{o.fj
L

Give 2 examples?

How does the exercise you just carried out on Cé IZSffj ce) Ae uéaa/ /60. 't[/’nc/

synthesis of aspirin display the central role of News 1 s o fc)o(wc fw’n ‘
chemistry in the mitigation of global F/aclu-czfg o gfj e ke

sustainability issues? (2] L et e{;[‘rc[e/b of f,% /;Ce;SS corel ‘
‘ ’

(" alozﬁj sSo :‘nu*Za,se/ e 5“’5{@/'/70,6/'/{7,

SYSTEMS THINKING IN SUSTAINABILITY

Sustainability is all about systems and making sure we are thinking about the entire picture so we can
address a problem from all angles. It is important that we start seeing the Earth as a system. Within this
system, there are other systems such as People, Planet and Profit. All three systems are tightly
interconnected and initiatives to address one often overlap with the other. Just like, there would not be
people without a planet, there would not be a business without people, and there would not be prosperity
without business.

Sustainable systems thinking is a mindset that helps us to untangle and work within the complexity of life
on Earth. It helps us to better understand the impact of our work on the world around us and be responsible
for what we create and how we innovate. An important step in developing a systemic approach is to find

5



the source of the problems, as these increases the chances of identifying the leverage. Leverage is a small,
focused action, that can produce significant changes with a minimum effort. Leverage can also be achieved
by weakening the symptomatic response to the problem while strengthening the fundamental solution.
Leverages results in viable, bearable and equitable options during problem solving. The aspirin manufacture
forms a part of the aspirin system, which includes engineering, the planet, people, human health, and
economics.

4
S
o

. SUSTAINABLE

Sustainability strives for:
o Viable environmental-economic impact: Business is executed with the environment and resources
in mind.
« Bearable socio-environmental impact: Develop healthy habits that benefit the society and the
environment.

» Equitable socio-economic impact: The generation of economic opportunity for both businesses
and individuals.

ROLE PLAY ACTIVITY

e An Engineer in partnership with a chemist decides that there is a need to upgrade the aspirin
manufacturing plant for sustainability. They takes up the idea to the board, which includes the
Finance manager, the Environmental officer and the Community representative.
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EXPERIMENTAL DATA

FUNCTIONAL UNIT: This LCl is for the manufacture of 1500 kg of Aspirin.

In order to produce 1500 kg of Aspirin, we have to start with 1150 kg salicylic acid and 616.67 kg of ‘
methyl acetate.

Salicylic acid can be produced using 3 routes.
‘ LCl will be used to find the greener route of producing 1150 kg of salicylic acid.

Refer to the aspirin manufacture information document where necessary.

Question 1

Complete Table 1-3 below by calculating the mass of the components needed to synthesize the product
per table. Do not calculate the shaded blocks in the tables.

a. Complete Table 1 below by calculating the exact mass (in kg to two decimal places) of the components
needed to synthesize 1150 kg of salicylic acid from phenol. [5]
Refer to the Table 1 DATA SHEET on page 7 in the aspirin manufacture document.

From Table 1 on page 7:

927 kg phenol was put in to produce 1000 kg of Salicylic acid
927 kg CsHsOH = 1000 kg SA
x kg CsHsOH = 1150 kg SA

927 kg C,HsOH x 1150 kg SA
1000 kg SA

x kg CeHzOH = = 1066.05 kg

Table 1: Material balance for the production of 1150 kg of salicylic acid from phenol
(Refer to Table 1 page 7)

COMPONENT | INPUT (kg) ‘ PRODUCT (kg) WASTE (kg)

phenol 1066.05 %8—?'; 117.30
Sodium hydroxide &93 Te) )
Carbon dioxide 7. 23S 0 _ 233 . [_‘5—7

| Sulfuric acid WIS S—/) Ik C{S/)
activated carbon ‘ 2. €O /) 2. 604
water | 204L.70 ]
sodium sulfate ‘863’_ oo [ ]
salicylic acid . 1150 2}_\2 £< 7




b. Complete Table 2 below by calculating the exact mass (in kg to two decimal places) of the components
needed to synthesize 1150 kg of salicylic acid from oil of wintergreen. _f';[Z.S],'
Refer to the Table 2 DATA SHEET on page 7 in the aspirin manufacture document. L\“,,.f‘
From Table 2 on page 7:

1380.74 kg sodium hydroxide was put in to produce 1000 kg of Salicylic acid

1380.74 kg NaOH = 1000 kg SA
xkg NaOH = 1150kg SA

ko NaOH — 1380.74 kg NaOH x 1150 kg SA — 1587 85k
xRrgNaba = 1000 kg SA = e kg

Table 2: Material balance for the production of 1150 kg of salicylic acid from oil of wintergreen
(Refer to Table 2 page 7)

COMPONENT INPUT (kg) | PRODUCT(kg) | WASTE (kg)
Sodium hydroxide 1587.85 _
Sulfuric acid \q 'Ag . ll-’_/?
Oil of wintergreen W8GR . 6"0!
water | L;;%:){ |‘7g§5?
salicylic acid 1150 |
methanol ’Zéé A~
| Sodium sulfate 56 3¢ 2]

c. Complete Table 3 below by calculating the exact mass (in kg to two decimal places) of the compon t;\
needed to synthesize 616.67 kg of methyl acetate. [1.5]

Refer to the Table 3 DATA SHEET on page 7 in the aspirin manufacture document.

From Table 3 on page 7:
866.48 kg methanol was put in to produce 1000 kg of methyl acetate
866.48 kg CH,0H = 1000 kg MA
xkg CH;0H = 616.67 kg MA

ka CH.OH = 866.48 kg methanol x 616.67 kg MA —534.33 k
YRGLAUE = 1000 kg MA = O9R 93 Rg

Table 3: Material balance for the production of 616.67 kg of methyl acetate from natural gas
(Refer to Table 3 page 7)

| COMPONENT INPUT (kg) PRODUCT (kg) WASTE (kg) |
methanol 534.33 ' 267.68
water ) L. 287/
acetic acid loot. 87 = f
methyl acetate 616.67 32 074




Question 2

The % atom economy (calculated in the pre-practical) for route 1 and route 3 is shown in Table 4 row 1.

Refer to the calculated mass in Table 1 and 2 and calculate:

a. in row 2 the % reaction mass efficiency of salicylic acid for the route land route 2.

[2]

b. in row 3 the % yield of salicylic acid for the two routes. [2]
For route 1 theoretical yield of salicylic acid is 1359 kg.
For route 3 theoretical yield of salicylic acid is 1191 kg.
in row 4 the E-factor (total waste) (in kg) [2]
Answer the four questions that follow. [7]
Table 4 '
Green matrix and meaning Route 1 Route 3
% Atom economy 65.22% 54.88 %

How efficient the process is in terms of atoms

% Reaction mass efficiency

How efficient the process is in terms of amount
of inputs to product 1 sok =
2728 5

ki,

ssefe/

gres X

% Yield .
s of) _’_ﬁx fa) - ,g’éo/y
How efficient the chemical reactions are. 135 fg = h.6 / naly "/C? 96- \E,
L~

E-factor (Total waste) {in kg) = 1821, GG Il =

- . . . 2 S P <400
How efficient the chemical reactions in terms of — e
waste produced. B A o = o , | coga. ”{’ =__§],2.Ql—'—’f&/

Consider the calculated green metrics and decide which
SA synthetic route you would select for your company.

[2]

Justify your choice.

Rouéc/\oecause -E bos o beler
abor~ ecoromy ban roubc 1, |

st has and less Ligsée astudll.

What type of system boundary (Cradle to gate or Gate
to grave or Cradle to grave or Gate to gate) is
implemented in this inventory?

Refer to Figure 3, Page 4 of the Aspirin Manufacture
document.

{_\[1];

Gabe b Sqée/"'

Would expansion of the boundaries to include the raw
material extraction processes likely result in your

change of choice of the more sustainable route? /

2]

Explain in brief

||‘l: does not M reduce
ev\c Wosle by improuing
qué: mnqgexﬂmé

Phenol is obtained from crude oil. Crude oil is a non-
renewable resource. What effect would depletion of
crude oil reserves have on the cost of buying aspirin?

-

f2

Briefly explain.

An, A decc in de ol
supply wﬁe/ increase B~
cost o8 production as Yne

JPrlc,c ok o«rl/mﬁueQSeS “There{ote

-]

,r,\r:u” ot as'Dr:n vl |

|

'r\cfeC/Se
and less sok<.



Question 3

Answer the following questions in the space provided:

How can the impact (environmental, social or oImplarYlené q befter (yaskc Manc:’jc,’
economic) of the inputs and output be | pyenL 595&3/"\ J {c ’oa')'s:'é bhe
minimized or managed to make the process environmend ard ecofﬁm\j

sustainable? @,
I

How can the impact (environmental, social or | | Fird o renewab{c c’;’]c:ﬂ’j‘j seurce
economic) of energy be minimized or managed | Le rcplchC burf‘!fﬂj %sz’ QCUK'
to make the process sustainable? f[Z] Ao ekt the envtronmient and

A sccial aspects , becau & kss plydion
ard fely les on bhe puver grid.
Besides the energy costs and the buying all . Costs of Proéféé\be ecluif‘ﬂeﬂf,

the raw materials, what other cost

implications do you anticipate the aspirin X
manufacturing process to incur? f [2]/. . Cosés o&f érChﬂ) r’ﬁ FG‘SOI'\/B/
" ko Solloey Pf'ffpecfurcsi when

Give 2 examples? ) L
dea"ry Wik hazardous

CL‘cr\m'ca ‘S_

How does the exercise you just carried out on 0% We use ~ chem 'Sé’;z éo

synthfesm of .asplrm dlspléy_/ thfa central role of ‘\CQ‘CU‘OE—C L) Mos/é e \Clmé

chemistry in the mitigation of global rouées Qﬁol B é : SUS£CI ‘~ /9/
/ A IS 1iNable

~opbions  kekSreland.

sustainability issues? /2] .
| »

SYSTEMS THINKING IN SUSTAINABILITY

Sustainability is all about systems and making sure we are thinking about the entire picture so we can
address a problem from all angles. It is important that we start seeing the Earth as a system. Within this
system, there are other systems such as People, Planet and Profit. All three systems are tightly
interconnected and initiatives to address one often overlap with the other. Just like, there would not be
people without a planet, there would not be a business without people, and there would not be prosperity
without business.

Sustainable systems thinking is a mindset that helps us to untangle and work within the complexity of life
on Earth. It helps us to better understand the impact of our work on the world around us and be responsible
for what we create and how we innovate. An important step in developing a systemic approach is to find

5




the source of the problems, as these increases the chances of identifying the leverage. Leverage is a small,
focused action, that can produce significant changes with a minimum effort. Leverage can also be achieved
by weakening the symptomatic response to the problem while strengthening the fundamental solution.
Leverages results in viable, bearable and equitable options during problem solving. The aspirin manufacture
forms a part of the aspirin system, which includes engineering, the planet, people, human health, and
economics.

SUSTAINABLE

Sustainability strives for:
s Viable environmental-economic impact: Business is executed with the environment and resources
in mind.

¢ Bearable socio-environmental impact: Develop healthy habits that benefit the society and the
environment.

+ Equitable socio-economic impact: The generation of economic opportunity for both businesses
and individuals.

ROLE PLAY ACTIVITY

e An Engineer in partnership with a chemist decides that there is a need to upgrade the aspirin
manufacturing plant for sustainability. They takes up the idea to the board, which includes the
Finance manager, the Environmental officer and the Community representative.
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EXPERIMENTAL DATA

FUNCTIONAL UNIT: This LCI is for the manufacture of 1500 kg of Aspirin.

In order to produce 1500 kg of Aspirin, we have to start with 1150 kg salicylic acid and 616.67 kg of
‘ methyl acetate. ‘

Salicylic acid can be produced using 3 routes.

LCI will be used to find the greener route of producing 1150 kg of salicylic acid. ‘

Refer to the aspirin manufacture information document where necessary.

Question 1
Complete Table 1-3 below by calculating the mass of the components needed to synthesize the product
per table. Do not calculate the shaded blocks in the tables.

a. Complete Table 1 below by calculating the exact mass (in kg to two decimal places) of the components
needed to synthesize 1150 kg of salicylic acid from phenol. {51
Refer to the Table 1 DATA SHEET on page 7 in the aspirin manufacture document.

From Table 1 on page 7:

927 kg phenol was put in to produce 1000 kg of Salicylic acid
927 kg CsHsOH . 1000:4cg SA
x kg CeHsOH ¥ 1150 kg SA
927 kg CoHs OH x 1150 kg SA
1000 kg SA

x kg CeHsOH = = 1066.05 kg

Table 1: Material balance for the production of 1150 kg of salicylic acid from phenol

(Refer to Table 1 page 7)
COMPONENT | INPUT (kg) PRODUCT (kg) | WASTE (kg) ‘
o | Phenol 1066.05 | e 117.30
® Sodium hydroxide ‘ 453 lO/T —_— | — ‘
Carbon dioxide 617 .35*'” — 233 q{} J
——— 79 =
o | Sulfuric acid 571,55 e ™ _WS?
‘ activated carbon 211.60 i — 21165/ |
| : | ;
‘ water | . | 04 ﬁ |
‘ sodium sulfate - —_— ‘ %05.&04 _‘
— | salicylic acid ‘ - 1150 ‘ 747_'93’) ‘




b. Complete Table 2 below by calculating the exact mass {in kg to two decimal places) of the components

needed to synthesize 1150 kg of salicylic acid from oil of wintergreen.
Refer to the Table 2 DATA SHEET on page 7 in the aspirin manufacture document.
From Table 2 on page 7:
1380.74 kg sodium hydroxide was put in to produce 1000 kg of Salicylic acid
1380.74 kg NaOH = 1000 kg SA
x kg NaOH = 1150kg SA
1a NaOH = 1380.74 kg NaOH x 1150 kg SA 1587.85 k
g Navs = 1000 kg SA = 15878559
Table 2: Material balance for the production of 1150 kg of salicylic acid from oil of wintergreen
(Refer to Table 2 page 7)
: : |
COMPONENT INPUT (kg) . PRODUCT (kg) | WASTE (kg) |
. . . | —_— |
| Sodium hydroxide ‘ 1587.85 | —_—— ‘ J
‘ Sulfuric acid ‘ 1946 .11 i | — ‘ —_— |
i |
| 0Oil of wintergreen ‘ FL8E G //" | —_— | s |
| | | | -
rwater | - | E— | 17%. 63 </] |
| | - |
| salicylic acid | =—— | 1150 | - |
[ T
| methanol ‘ — ‘ _— ‘ 16666 ﬂ |
| Sodium sulfate | . ‘ — ‘ 5626 .85 ) |
= ./ ]

[2.5]

c. Complete Table 3 below by calculating the exact mass (in kg to two decimal places) of the components

needed to synthesize 616.67 kg of methyl acetate.
Refer to the Table 3 DATA SHEET on page 7 in the aspirin manufacture document.
From Table 3 on page 7:
866.48 kg methanol was put in to produce 1000 kg of methyl acetate
866.48 kg CH;0H = 1000 kg MA
x kg CH;0H = 616.67 kg MA
o CH.OH = 866.48 kg methanol x 616.67 kg MA £34.33 k
Xy LHEE 1000 kg MA = 2339 Rg
Table 3: Material balance for the production of 616.67 kg of methyl acetate from natural gas
(Refer to Table 3 page 7)
I_COMPONENT | INPUT (kg) | PRODUCT (kg) | WASTE (kg) _‘J
" methanol | 534.33 | —_ 267.68 i
water | — /}| — ‘ ius.738 'I 4‘
acetic acid | idor, 37 A | — ‘ —— _‘
methyl acetate ' —_— | 616.67 | 31,017 |

metylasme 1

[1.5]



Question 2

The % atom economy (calculated in the pre-practical) for route 1 and route 3is shown in Table 4 row 3.
Refer to the calculated mass in Table 1 and 2 and calculate:
a. in row 2 the % reaction mass efficiency of salicylic acid for the route 1 and route 2. 2]
b. in row 3 the % yield of salicylic acid for the two routes. [2]
For route 1 theoretical yield of salicylic acid is 1359 kg.
For route 3 theoretical yield of salicylic acid is 1191 kg.

c. inrow 4 the E-factor (total waste) (in kg) 2]
Answer the four questions that follow. [71
Table 4 ‘
}7 Green matrix and meaning | Route 1 | Route 3 |
hﬁ Atom economy ‘ 65.22 % | 54.88 % '
| How efficient the process is in terms of atoms | | |
% Reaction mass efficienc [ ctual muss o desiczd ploduct 1159
| ’ — V total mees -F ofl reuctones )“00“ = 502487 l‘m |

How efficient the process is in terms of amount

:. v S() - M f I .-"
‘ of inputs to product ‘ %K% *Teo "t‘“q.a»s““’l| z 11.qﬁ tg

l— BN 3566 | |
.3 T |

| % Yield . actual mos S oF deg)imiisietudd . | - o

’ l it pos oF dwirdprtud ‘“% ¢ W 100 l

How efficient the chemical reactions are. ‘

E-factor (Total waste) (in kg)

= %, <§. @

How efficient the chemical reactions in terms of | AABRS . ] -
duced | " \ L
}iaste produced. 'VWW \‘L'L%kg\ Cy717 .40 kr] 4
Consider the calculated green metrics and decide which | WNe ool Q&'\JOQ e \(»/”vl |
! SA synthetic route you would select for your company. ‘ 05 Nere 0 \enl AC \““ t)c}m,ﬂ‘) |
| Justify your choice. [2] | o el L RN\RY JM\’\(‘IO\XW\&

| | eooiony Lt 0wt - SON RGN |
What type of system boundary (Cradle to gate or Gate J ) |

‘ to grave or Cradle to grave or Gate to gate) is ‘ (70\% 0 %U\!Q ‘
implemented in this inventory? ‘ __ |

‘. Refer to Figure 3, Page 4 of the Aspirin Manufacture . ‘ |

{
rWould expansion of the boundaries to include the raw ‘ No. Q% qou (M(\\ he m R
material extraction processes likely result in your \ z\vg@ - ’ e oM
|. change of choice of the more sustainable route? ‘ a '—“‘ﬁ_\? MO wil ontiodic) autofo \_]
4 g on Ol SO gt Tvole (00w |

e ey wolg QOO mEON, |
Phenol is obtained from crude oil. Crude oilis a non- | Toe pice & osprrt usiy  neead ‘

| renewable resource. What effect would depletion of | B e, Yol W ’(‘(tx\l UX/CU to |
| crude oil reserves have on the cost of buying aspirin? | P e \ W\ e ot orer |

| document. [11--1; __I

! Explain in brief

‘ Briefly explain. [12] 1 |
I I\_. | 1




Question 3

Answer the following questions in the space provided:

How can the impact (environmental, social or

|‘i(\e ’\NWC\ an b i ed of |
| MoNGGe % SY\u%evf\M.) the ol |

\ economic) of the inputs and output be
| minimized or managed to make the process

‘| sustainable? @J \0\\ %\\'\MQU\'\V\' Anngg e ok %\'O(;)S \')CW\L ||
| Jups WA be Moy Wae | gfocl\m1\3|
" nere Prosuglo. /C;ta{ L wing  vetewalale ||

gyl $O WOk fue, e eneule |

|
| RUQA s (Qd\)b(/d o e QX\“(M\‘(\WY iS |
soved Sl unuiil oo |

How can the impact (environmental, social or (o SRRV tc& o \'\M’,\S
economic) of energy be minimized or manag}ed UJQQ)\ Q\
| to make the process sustainable? 12} '_'J«\"- \\Q Q)(()W@ ¢ X

| IJQ,T\QA vy ond RIOS F\Qci\x(kf\&;k@ ©
|i |\ fwi\“\ e NG~ & LSRN
L/| 0 ok ad @ cp(\qcx\fcck.'m\ RO o

| Besides the energy costs and the buying all 1

|| the raw materials, what other cost | Wﬁ@f QKON\‘QC 3 \\)OU»\@L \5?/ ’(\\C \
| implications do you anticipate the aspirin | CORp o “@C{I\V\ \%{(g)\( W O |

|| manufacturing process to incur? w SO, ‘Q\U'\\U\\ ; d\\m £ Yom |||
|| Give 2 examples? || %&ON\Q\Q/l WG e, \()\\OO((;(SSKJ |
| | |
|
W chows we ok Oy wreci
synthesis of aspirin display the central role of | N . ’i N
| chemistry in the mitigation of glqbal| fepiat G Grarmicd Q\w\lﬂ‘/\m T
| sustainability issues? i[z]* VR Oi’nd\ Wd’\(&m Q}Q\ﬂ\ wn \
| | pIRON 1Y oA TR Y0 gulkﬁ)‘uY\O\O\\\\y
Wi weotie SR W a I |

How does the exercise you just carried out on

\

SYSTEMS THINKING IN SUSTAINABILITY

Sustainability is all about systems and making sure we are thinking about the entire picture so we can
address a problem from all angles. Itis important that we start seeing the Earth as a system. Within this
system, there are other systems such as People, Planet and Profit. All three systems are tightly
interconnected and initiatives to address one often overlap with the other. Just like, there would not be
people without a planet, there would not be a business without people, and there would not be prosperity
without business.

Sustainable systems thinking is a mindset that helps us 1o untangle and work within the complexity of life
on Earth. It helps us to better understand the impact of our work on the world around us and be responsible

for what we create and how we innovate. An important step in developing a systemic approach is to find

5

(1



the source of the problems, as these increases the chances of identifying the leverage. Leverage isa small,
focused action, that can produce significant changes with a minimum effort. Leverage can also be achieved
by weakening the symptomatic response to the problem while strengthening the fundamental solution.
Leverages results in viable, bearable and equitable options during problem solving. The aspirin manufacture
forms a part of the aspirin system, which includes engineering, the planet, people, human health, and
£conomics.

Sustainability strives for:
o Viable environmental-economic impact: Business is executed with the environment and resources
in mind.
» Bearable socio-environmental impact: Develop healthy habits that benefit the society and the
environment.
« Equitable socio-economic impact: The generation of economic opportunity for both businesses
and individuals.

ROLE PLAY ACTIVITY

e An Engineer in partnership with a chemist decides that there is a need to upgrade the aspirin
manufacturing plant for sustainability. They takes up the idea to the board, which includes the
Finance manager, the Environmental officer and the Community representative.
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EXPERIMENTAL DATA

FUNCTIONAL UNIT: This LCl is for the manufacture of 1500 kg of Aspirin.

In order to produce 1500 kg of Aspirin, we have to start with 1150 kg salicylic acid and 616.67 kg of ]
‘ methyl acetate, ‘

| Salicylic acid can be produced using 3 routes.

l LCl will be used to find the greener route of producing 1150 kg of salicylic acid. ‘

Refer to the aspirin manufacture information document where necessary.

Question 1

Complete Table 1-3 below by calculating the mass of the components needed to synthesize the product
per table. Do not calculate the shaded blocks in the tables.

a. Complete Table 1 below by calculating the exact mass (in kg to two decimal places) of the components
needed to synthesize 1150 kg of salicylic acid from phenol. [5]
Refer to the Table 1 DATA SHEET on page 7 in the aspirin manufacture document.

From Table 1 on page 7:

927 kg phenol was put in to produce 1000 kg of Salicylic acid
927 kg CoH;OH = 1000 kg SA

xkg C4HsOH = 1150 kg SA —~
ko Con < 227K C6H50Hx1150k95A_1066 05 & 5
*RG LelisUIT = 1000 kg SA B g
Table 1: Material balance for the production of 1150 kg of salicylic acid from phenol
(Refer to Table 1 page 7)
| COMPONENT INPUT (kg) PRODUCT (kg) | WASTE (kg) |
phenol 1066.05 O\U‘Q/'"‘ < 117.30
Sodium hydroxide 4 62,10 N 453, l¢)
I Carbon dioxide 617 25 A TRIN N Q)J R332 .45 LA
| Sulfuric acid 571- 65 A 55 (DAQ . qs o)
‘ activated carbon a1 60 2N /6 MN-60 L
i water 0 QO\K-"’O 204 .10 o
' sodium sulfate 0 QOSRO 805 00 L]
salicylic acid 0 1150/ A4 A 66 )
|




b. Complete Table 2 below by calculating the exact mass (in kg to two decimal places) of the components
needed to synthesize 1150 kg of salicylic acid from oil of wintergreen. [2.5]
Refer to the Table 2 DATA SHEET on page 7 in the aspirin manufacture document.
from Table 2 on page 7:

1380.74 kg sodium hydroxide was put in to produce 1000 kg of Salicylic acid
1380.74 kg NaOH = 1000 kg SA
xkg NaOH = 1150 kg SA Lz
1380.74 kg NaOH x 1150 kg SA
1000 kg SA

x kg NaOH =

= 1587.85 kg

Table 2: Material balance for the production of 1150 kg of salicylic acid from oil of wintergreen
(Refer to Table 2 page 7)

COMPONENT | INPUT (kg) |J PRODUCT (kg) |  WASTE(kg) |
Sodium hydroxide | 1587.85 || \5 ;}qg < 0
Sulfuric acid | qus. 11 f iqka??’n 0
Oil of wintergreen 4 8¢ . 6 4 lx@% ol O
| water O &eglga% 18 . 63 V)
salicylic acid 0 1150 By o~
| methanol O 2 @6,86 00 66
Sodium sulfate o 5 G\hg-agg_ | 5636.8c7"\

¢. Complete Table 3 below by calculating the exact mass (in kg to two decimal places) of the components
needed to synthesize 616.67 kg of methyl acetate. [1.5]

Refer to the Table 3 DATA SHEET on page 7 in the aspirin manufacture document.
From Table 3 on page 7:

866.48 kg methanol was put in to produce 1000 kg of methyl acetate
866.48 kg CH;0H = 1000 kg MA
xkg CH;0H = 616.67 kg MA

866.48 kg methanol x 616.67 kg MA _—
xkg CH;OH = =534.33 kg , 5
(

1000 kg MA

Table 3: Material balance for the production of 616.67 kg of methyl acetate from natural gas
(Refer to Table 3 page 7)

| COMPONENT INPUT (kg) PRODUCT (kg) | WASTE (kg)
methanol 534.33 2 (?40 bS 267.68
water © \ﬂLL\&-;Q\% ua. e <
acetic acid ' 190(. 41 LA {00! - (2?/'] . o—
methy! acetate o ‘ 616.67 | 3%.07\




Question 2

The % atom economy (calculated in the pre-practical) for route 1 and route 3 is shown in Table 4 row 1.

Refer to the calculated mass in Table 1 and 2 and calculate:

a. inrow 2 the % reaction mass efficiency of salicylic acid for the route 1 and route 2. [2]
b. inrow 3 the % yield of salicylic acid for the two routes. [2]
For route 1 theoretical yield of salicylic acid is 1359 kg.
For route 3 theoretical yield of salicylic acid is 1191 kg.
in row 4 the E-factor (total waste) (in kg) [2]
Answer the four questions that follow. l \ {71
Table 4 :
Green matrix and meaning Route 1 ‘ Route 3
% Atom economy 65.22 % 54.88 %
How efficient the process is in terms of atoms }-”—clp\
% Reaction mass efficiency [1s0 x 100 R 180 x 109
How efficient the process is in terms of amount i 5271 €54+ 19¢¢.11+ 1UEL.6) 1060.0 S+ ¢9/0+ 6125457
of inputs to product =02-90 o/ﬂ =2Q.60
% Yield 150 go
. , , (259 X100 x 100
How efficient the chemical reactions are. o eqy
=8¢.62 /, =q6-66 /.
E-factor (Total waste) (in kg) | Dt
| How efficient the chemical reactions in terms of | 'S
waste produced. N1a-25 V“] ' TR?2 Dﬁw KC}
Consider the calculated green metrics and decide which | Route 1. 'a/}g prQ duc@ [SRNS
SA synthetic route you would select for your company. Wwoste tan RoutC
Justify your choice. [2]
What type of system boundary {Cradie to gate or Gate ]
| ype of sy y ( g Cate A0 @Q

to grave or Cradle to grave or Gate to gate) is
implemented in this inventory?

Refer to Figure 3, Page 4 of the Aspirin Manufacture
[1]

document.,

Would expansion of the boundaries to include the raw
material extraction processes likely result in your
change of choice of the more sustainable route?

(2]

Explain in brief

Nes, Colecaon 0L of winor-

greon (¢ S OO dnvironmenall

friendyy ; 7 (otdaon Ot GudC Qi

Phenol is obtained from crude oil. Crude oil is a non-
renewable resource. What effect would depletion of
crude oil reserves have on the cost of buying aspirin?

Briefly explain. [2]

A& would INCeaed +he
O peouse the Cu
l»o?u dowoage e« mppme
domand wouid m(wQGS’Q w Nk

\GHLQ

N 0AgR¢ 4ine pr Ve

—



Question 3

nswer the following questions in the space provided: |

o e R e |
How can the impact (environmental, social or | Ol From rou%@ 3 ¢ Ynote

| . . |
nom f th t d tput b ; ¢ +
economic) of the inputs and output b€ | U OO0 +had that of he |

S
minimized or managed to make the process | ono N oute 1 o |

|sustainab|e? [2] | - qosyge Wineor roen OVl rathor |

| . owuce it (¢ mare
| thap Cude ol b reacally |

| | Cystainabi@ and enwvrol |
| | 4riend 1 |
| | ! < Y |

z \

' '|

| economic) of energy be minimized or managed STQODQI %Qéj /M[Q Sotar ||

|| to make the process sustainable? [2] | Yowolr , (Dmd) hﬂdrop]owe/ . TCHher |
| .

| ~Hhon fosser fuely '|

.| Besides the energy costs and the buying all J* - |
*Salares o Nom@rs/
| |

| the raw materials, what other cost

| implications do you anticipate the aspirin |

| manufacturing process to incur? [2] t{ S-S e '8 He—T \
|
|

| How can the impact environmental, social or |
pact{ ~Use

Mt !Clm'fegqnce .
| g | 1
| Give2 examples? © Of \/’H‘\Q, MQQS |

How does the exercise you just carried out on 'l__ro o ] |

|| synthesis of aspirin display the central role of | ored mQ‘rQ,/SuS’iamqb\Q |

| chemistry in the mitigation  of global |%3&+Qms for the fu ’ e |

] sustainability issues? {21 | ’

| | |

| |
| |

SYSTEMS THINKING IN SUSTAINABILITY

Sustainability is all about systems and making sure we are thinking about the entire picture so we can
address a problem from all angles. It is important that we start seeing the Earth as a system. Within this
system, there are other systems such as People, Planet and Profit. All three systems aré tightly
interconnected and initiatives to address one often overlap with the other. just like, there would not be
people without a planet, there would not be a business without people, and there would not be prosperity
without business.

Sustainable systems thinking is a mindset that helps us to untangle and work within the complexity of life
on Earth. It helps us to better understand the impact of our work on the world around us and be responsible

for what we create and how we innovate. An important step in developing a systemic approach is to find

5



the source of the problems, as these increases the chances of identifying the leverage. Leverage is a small,
focused action, that can produce significant changes with a minimum effort. Leverage can also be achieved
by weakening the symptomatic response 10 the problem while strengthening the fundamental solution.
Leverages results in viable, bearable and equitable options during problem solving. The aspirin manufacture
forms a part of the aspirin system, which includes engineering, the planet, people, human health, and
economics.

Sustainability strives for:
« Viable environmental-economic impact: Business is executed with the environment and resources
in mind.
. Bearable socio-environmental impact: Develop healthy habits that benefit the society and the
environment.
» Equitable socio-economic impact: The generation of economic opportunity for both businesses
and individuals.

ROLE PLAY ACTIVITY

e An Engineer in partnership with a chemist decides that there is a need to upgrade the aspirin
manufacturing plant for sustainability. They takes up the idea to the board, which includes the
Finance manager, the Environmental officer and the Community representative.
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EXPERIMENTAL DATA

FUNCTIONAL UNIT: This LCl is for the manufacture of 1500 kg of Aspirin.

methyl acetate.

| Salicylic acid can be produced using 3 routes.

In order to produce 1500 kg of Aspirin, we have to start with 1150 kg salicylic acid and 616.67 kg of

‘ LCl will be used to find the greener route of producing 1150 kg of salicylic acid.

Refer to the aspirin manufacture information document where necessary.

Question 1

Complete Table 1-3 below by calculating the mass o

per table. Do not calculate the shaded blocks in the tables.

a. Complete Table 1 below by calculating the exact mass (in kg to two decimal places

needed to synthesize 1150 kg of salicylic acid from phenol.
Refer to the Table 1 DATA SHEET on page 7 in the aspirin manufacture document.

From Table 1 on page 7:

f the components needed to synthesize the product

927 kg phenol was put in to produce 1000 kg of Salicylic acid
927 kg CHsOH = 1000 kg SA
xkg CeHsOH = 1150 kg SA

X kg C6H50H =

927 kg CoH OH x 1150 kg SA

1000 kg SA

= 1066.05 kg

Table 1: Material balance for the production of 1150 kg of salicylic acid from phenol

(Refer to Table 1 page 7)

COMPONENT | INPUT (kg) PRODUCT (kg) WASTE (kg) _|J
phenol 1066.05 117.30 '
Sodium hydroxide 4 S?) | 0 4 i
Carbon dioxide 6 g I 35 7 Q%% 95 -]
Sulfuric acid 571 'gs. ) (4,95 4
activated carbon 2) 60 /) o GJ/-)

204707
sodium sulfate 80 50 )
1150 :

salicylic acid

) of the components



b. Complete Table 2 below by calculating the exact mass (in kg to two decimal places) of the components
needed to synthesize 1150 kg of salicylic acid from oil of wintergreen. [2.5]
Refer to the Table 2 DATA SHEET on page 7 in the aspirin manufacture document.

From Table 2 on page 7:

1380.74 kg sodium hydroxide was put in to produce 1000 kg of Salicylic acid
1380.74 kg NaOH = 1000 kg SA
xkg NaOH = 1150kg SA

o v = 38074 kg NaOH x 1150kg SA _ oo oo
x kg NavH = 1000 kg SA = G5 g

Table 2: Material balance for the production of 1150 kg of salicylic acid from oil of wintergreen
(Refer to Table 2 page 7)

[ Y
| COMPONENT INPUT (kg) | PRODUCT (kg) WASTE (kg) |
‘ Sodium hydroxide 1587.85 ‘
‘ Sulfuric acid ‘O\ 46 11/ | —‘
[—Oil of wintergreen 145 f:c!q:/ﬂ || ?
| water ‘ | \ 118, 6 )7% ‘

| =
‘ salicylic acid ‘ 1150 ‘ ‘
‘ methanol ‘ ‘ ‘ 4‘

06¢,(0p
§c3g /8SH

‘ Sodium sulfate

¢. Complete Table 3 below by calculating the exact mass {in kg to two decimal places) of the components
needed to synthesize 616.67 kg of methyl acetate. [15]

Refer to the Table 3 DATA SHEET on page 7 in the aspirin manufacture document.
From Table 3 on page 7:
866.48 kg methanol was put in to produce 1000 kg of methyl acetate

866.48 kg CH;0H = 1000 kg MA
xkg CH;OH = 616.67 kg MA

866.48 kg methanol x 616.67 kg MA _ 534.33 k
1000 kg MA m R

x kg CH,OH =

Table 3: Material balance for the production of 616.67 kg of methyl acetate from natural gas
(Refer to Table 3 page 7)

COMPONENT | INPUT (kg) | PRODUCT (kg) WASTE (kg)
methanol ‘ 534.33 267.68 ‘|
K | . 59 27
acetic acid | . 7
| 1001 .87 | —_
’?ethyl acetate '| l 616.67 ‘ 29 ;@ ¢ S'L{-_J



Question 2

The % atom economy (calculated in the pre- practical) for route

1 and route 3 is shown in Table 4 row 1.

Refer to the calculated mass in Table 1 and 2 and calculate:

a. in row 2 the % reaction mass efficiency of salicylic acid for the route 1 and route 2. [2]
b. in row 3 the % yield of salicylic acid for the two routes. 2]
For route 1 theoretical yield of salicylic acid is 1359 kg.
For route 3 theoretical yield of salicylic acid is 1191 kg.
c. inrow 4 the E-factor (total waste) (in kg) 2]
d. Answer the four questions that follow. 71
Table 4 ‘
Green matrix and meaning !| Route 1 ‘ Route 3 W
| | .
% Atom economy ' 65.22 % | 54.88 % ‘
}7How efficient the process is in terms of atoms ‘ |
9% Reaction mass efficiency | ‘-'! “/* Koo '\ = U 2? XX 100 '
How efficient the process is in terms of amount - 1O /u 20 T / )‘
‘ of inputs to product | / ‘ 2 / 19
|
% Yield = xS wdo | H-;"O%OO _|
! n ;
How efficient the chemical reactions are. = '
| §Y, 62 ¢, 5 5
| E-factor (Total waste) (in kg)
! How efficient the chemical reactions in terms of ‘ ‘ %29 ’6 S }g,éj O &§2 , 14 Kg ff?/
‘ waste produced. \ < et
|
Consider the calculated green metrics and decide which |
SA synthetic route you would select for your company. EOU te it b eca v L

Justify your choice.

([2]

ecS wacte was Prcducjf(/.

FNhat type of system boundary (Cradle to gate or Gate
to grave or Cradle to grave or Gate to gate) is

implemented in this inventory?

Refer to Figure 3, Page 4 of the Aspirin Manufacture
document.

4

FOIVC
|

(radle to g’ﬂiﬁ

Would expansion of the boundaries to include the raw
material extraction processes likely result in your
change of choice of the more sustainable route?

‘ |‘ [2];

Explain in brief

Ves-as tne Ma—bﬁraa] \

e xktracion % resuiFS
in less SuS*bomoHc ckac}roa
|

o

‘ Phenol is obtained from crude oil. Crude oil is a non-
| renewable resource. What effect would depletion of

‘ crude oil reserves have on the cost of buying aspirin?

LBrieﬂy explain.

)

Cosv of © P\ﬁﬂ would ‘
(‘W’F‘Qté b(’c"cfuse

reSOUrce,S / U\\F'C’,CJ would

be icS€ aupiladiC |




Question 3

" Answer the following questions in the space provided:

How can the impact (environmental, social or En\)imr\"\@“‘\c’\ N ThP Orocoss
- ec.or.mrnic) of the inputs and output be who fob\j w© Obtcn crocle
minimized or managed to make the procgss Cl“ Ot iUTo S Qﬁf‘Ol\h\UP LNATUN G’
sustainable? [2] O(‘ MCj\j _U)hl‘("h T t@rr{bln for

ther/n’(cmwjomom '

VSING trooef cf an onbigy goorcg

will rogort in reprel alo toregtetion

ajhich would ke narmdut +o

tho Qnyironmony -

How can the impact {(environmental, social or En\ji(Of\W\@f\1C,(| :'M'\)\)Q Shootct PN Q(i‘-ﬁ;p

economic) of energy be minimized or managed jynp S© of FOnOwoble (OsCuicof

to make the process sustainable? (121 B § ARiS woold oL regtically elecroa go
ihe Onorgjy FO8uilscel 10 Sistain

N0 pon-ronowot 0 (oyoxcal -

Besides the energy costs and the buying all

the raw materials, what other cost :“\ Q (osy of ﬁ})t(”h lﬂ@fj ene!
implications do you anticipate the aspirin 1S pncune oMo -
manufacturing process to incur? 2]

N - The cogt of \eigoLl 10 OVOiE

Give 2 examples? tho PFOCC{QIO\I‘Q‘ eNSUroThCLt
tho machinorny < e narnoel.

How does the exercise you just carried out on T‘\\O S\A(\—t\‘\gﬁ'f -Dc UIP“ N S nod
synthe'asis of .aspirin displjcn./ thfe central role of dOPQ'\Qle\‘\‘ on oL §i L0 COUtE
cheristry i e mitgaton of 807 BF manufacine, ag +Rotp a0
moliiple clifforont foutef o
Obicin RO 0§oU(eS neeotedh tO |
| LYMNOST Y O agpriiin - TS altowg
for NQ (OcooPe eyion ot
SYSTEMS THINKING IN SUSTAINABILITY nodomat (Osoueed oxpenctonat .
Sustainability is all about systems and making sure we are thinking about the entire picture so we can
address a problem from all angles. It is important that we start seeing the Earth as a system. Within this
system, there are other systems such as People, Planet and Profit. All three systems are tightly

interconnected and initiatives to address one often overlap with the other. Just like, there would not be
people without a planet, there would not be a business without people, and there would not be prosperity

without business.

Sustainable systems thinking is a mindset that helps us to untangle and work within the complexity of life
on Earth. it helps us to better understand the impact of our work on the world around us and be responsible
for what we create and how we innovate. An important step in developing a systemic approach is to find

5



the source of the problems, as these increases the chances of identifying the leverage. Leverage is a small,
focused action, that can produce significant changes with a minimum effort. Leverage can also be achieved
by weakening the symptomatic response to the problem while strengthening the fundamental solution.
Leverages results in viable, bearable and equitable options during problem solving. The aspirin manufacture
forms a part of the aspirin system, which includes engineering, the planet, people, human health, and
economics.

SUSTAINABLE

Sustainability strives for:
e Viable environmental-economic impact: Business is executed with the environment and resources
in mind.
e Bearable socio-environmental impact: Develop healthy habits that benefit the society and the
environment.
o Equitable socio-economic impact: The generation of economic opportunity for both businesses
and individuals.

ROLE PLAY ACTIVITY

o An Engineer in partnership with a chemist decides that there is a need to upgrade the aspirin
manufacturing plant for sustainability. They takes up the idea to the board, which includes the
Finance manager, the Environmental officer and the Community representative.
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EXPERIMENTAL DATA

FUNCTIONAL UNIT: This LCl is for the manufacture of 1500 kg of Aspirin.

——

methyl acetate.

‘ Salicylic acid can be produced using 3 routes.

‘ LCI will be used to find the greener route of producing 1150 kg of salicylic acid.

In order to produce 1500 kg of Aspirin, we have to start with 1150 k

g salicylic acid and 616.67 kg of

Refer to the aspirin manufacture information document where necessary.

Question 1

Complete Table 1-3 below by calculating the mass of the components needed to synthesize the product
per table. Do not calculate the shaded blocks in the tables.

a. Complete Table 1 below by calculating the exact mass (in kg to two decimal places)

needed to synthesize 1150 kg of salicylic acid from phenol.

Refer to the Table 1 DATA SHEET on page 7 in the aspirin manufacture document.

From Table 1 on page 7:

of the components
J

927 kg phenol was put in to produce 1000 kg of Salicylic acid
927 kg C,H;0H = 1000 kg SA
x kg CeHsOH = 1150 kg SA

xkg CcHsOH =

Table 1: Material balance for the production of

927 kg C¢HsOH x 1150 kg SA

1000 kg SA

=1066.05 kg

1150 kg of salicylic acid from phenol

(Refer to Table 1 page 7)
| COMPONENT | INPUT (kg) | PRODUCT (kg) WASTE (kg)
‘l phenol 1066.05 117.30
Sodium hydroxide q‘% % ( I{J %
Carbon dioxide 17, %-43/4\ Q 3%4_@
Sulfuric acid S ‘/g\g‘ }'EF""E\‘?’ lg— 3
| activated carbon | 21\, (OO | b 3 i% S[
| water ' )) ‘ A 05-\ |
sodium sulfate %@@ﬁﬁ O $'|L
salicylic acid ‘ 1150 Dy, T
£%- QR 5



b. Complete Table 2 below by calculating the exact mass (in kg to two decimal places) of the components
needed to synthesize 1150 kg of salicylic acid from oil of wintergreen. ' k [2.5] /
Refer to the Table 2 DATA SHEET on page 7 in the aspirin manufacture document. a—
From Table 2 on page 7:

1380.74 kg sodium hydroxide was put in to produce 1000 kg of Salicylic acid
1380.74 kg NaOH = 1000 kg SA
x kg NaOH = 1150kg SA

1380.74 kg NaOH x 1150 kg SA

x kg NaOH = 1000 kg SA

= 1587.85 kg

Table 2: Material balance for the production of 1150 kg of salicylic acid from oil of wintergreen
(Refer to Table 2 page 7)

| COMPONENT INPUT (kg) PRODUCT (kg) WASTE (kg)
Sodium hydroxide 1587.85
Sulfuric acid 1'9 L}_é,ﬁ\ |7
Oil of wintergreen ‘ L"’%%’ 6(1

i oter T h ? . 62) v
salicylic acid 1150 |
methanol ‘ be . b‘é’;b
Sodium sulfate 5636 2 < |

J

¢. Complete Table 3 below by calculating the exact mass (in kg to twe-decimal places) of the components
needed to synthesize 616.67 kg of methyl acetate. [1.5]

Refer to the Table 3 DATA SHEET on page 7 in the aspirin manufacture document.
From Table 3 on page 7:
866.48 kg methanol was put in to produce 1000 kg of methy! acetate

866.48 kg CH;0H = 1000 kg MA
x kg CH;0H = 616.67 kg MA

ko CH.OH = 866.48 kg methanol x 616.67 kg MA — 53433k
g S 1000 kg MA R

Table 3: Material balance for the production of 616.67 kg of methyl acetate from natural gas
(Refer to Table 3 page 7)

' COMPONENT INPUT (kg) PRODUCT (kg) | WASTE (kg)
| methanol 534.33 267.68
water : . S
ar [4g-28 |
acetic acid Lole] Bl i i
| methyl acetate 616.67 390‘]




Question 2

The % atom economy (calculated in the pre-practical) for route 1 and route 3 is shown in Table 4 row 1.

Refer to the calculated mass in Table 1 and 2 and calculate:

a. inrow 2 the % reaction mass efficiency of salicylic acid for the route 1 and route 2. [2]
b. in row 3 the % yield of salicylic acid for the two routes. [2]
For route 1 theoretical yield of salicylic acid is 1359 ke. ,i\
For route 3 theoretical yield of salicylic acid is 1191 kg. T
in row 4 the E-factor (total waste) (in kg) [2]
Answer the four questions that follow. [7]
B Table 4
Green matrix and meaning Route 1 Route 3
% Atom economy 65.22 % 54.88 %
How efficient the process is in terms of atoms .
% Reaction mass efficiency _\159__,:,_?, 1|€O
How efficient the process is in terms of amount hﬂ@*“ﬂifb 9 SRA12S 14 q{?l\ i ¥
of inputs to product NS )‘/7 428 6l X IOO 1l
Al gf’{ - mqo e |°
% Yield ) !l po) | O
How efficient the chemical reactions are ‘?DQC‘ Q l\(E ' mé '
Y- 62° - 96T
E-factor (Total waste) (in kg) 1\1 20 +92%. +<’r1+q§ \'1‘3.437;4' Qco-do-t
How efficient the chemical reactions in terms of Al L©@j+%o(. Sk RS

waste produced.

_I3n0

—~J

:60?02'“{-

)

Consider the calculated green metrics and decide which
SA synthetic route you would select for your company,

[2]

Justify your choice.

a@@, e . ;t&hqvanﬂm(

@H fof m\j/&ne\f*)%%%“ wede

What type of system boundary (Cradle to gate or Gate
to grave or Cradle to grave or Gate to gate) is
implemented in this inventory?

Refer to Figure 3, Page 4 of the Aspirin Manufacture
document.

Would expansion of the boundaries to include the raw
' material extraction processes likely result in your
change of choice of the more sustainable route?

O, 1O

|
e\ g Qe gminfe

%\A@c@s ﬂ@m m\,&ev\bge Cepuer

b e , o
" SR e,
Phenol is obtained from crude oil. Crude oil is a non- % toc) @SPWNW Wu’l,d )
renewable resource. What effect would depletion of M;\Cfr@c&@ @ @12 ol @\\
crude oil reserves have on the cost of buying aspirin? oW \C’ﬂfj\\\ | D™ & E"Qh@@

121 |

Briefly explain.

e g 4

mdmbﬁo&hf- ‘
Qg‘)\'ﬁ»’\ '

Q



Question 3

How can the impact (environmental, social or E(\\)\VW\M,QV'\&Q“\ Temee pre &
economic) of the inputs and 'ojgygg be EENKS Q“,\Q\ PY@AUL&S i~

sustainable? |1 (21, :'

€S

Redduce e usage Oﬂemmbon
t)g ovic c,omPounO)\S’: SV =N=d

economic) of energy be minimized or managed | o P{CC\\J(/(_ el @\eg\\,ﬁ_d ()

Loy W vge ©of enevalole
@.V\eV’C}\GQ WAV WL lover RN

cok YA egoual ff1cven e

How can the impact (environmental, social or E(ngjﬂ\c: ?QA‘-&UC& We ’enercj\jc:\"i?i\wa‘
voclu

the raw materiais, what other cost

manufacturing process to incur? i-' [2] » N
N

Give 2 examples?

Besides the energy costs and the buying all ED& Q’% \QbOuv N P lUC(‘]m
implications do you anticipate the aspirin RGNS ’672 Qﬁiui()N\Q Nt Mot -

Answer the following questions in the space provided: —‘

minimized or managed to make the process PN \rO\f\W\RV\%ex\\j %’\'@V\O“\j Pyuﬁ\ut

to make the procesésustainable? _'[2]_/'.12\‘“,\2‘, b\ﬁ“’\’e ALe O% i gk‘tv prr_mggeg

N\

How does the exercise you just carried out on ) o “doxi ¢ eagan® aval

chemistry in the mitigation of glgbal‘

N’

woena on A
‘ neran Ca\R

synthesis of aspirin display the central role of |P-,Qd_u__gk€, '\h\it\f\ LrnRVOnee T\\T""B

| sustainability i ? ' ;'\"le\/'\d\j e enem‘tﬁd LA
y issues? | [th AU vqﬂ 2 SAW \ﬁ

SYSTEMS THINKING IN SUSTAINABILITY

Sustainability is all about systems and making sure we are thinking about the entire picture so we can
address a problem from all angles. It is important that we start seeing the Earth as a system. Within this
system, there are other systems such as People, Planet and Profit. All three systems are tightly
interconnected and initiatives to address one often overlap with the other. Just like, there would not be
people without a planet, there would not be a business without people, and there would not be prosperity
without business.

Sustainable systems thinking is a mindset that helps us to untangle and work within the complexity of life
on Earth. It helps us to better understand the impact of our work on the world around us and be responsible
for what we create and how we innovate. An important step in developing a systemic approach is to find

5




the source of the problems, as these increases the chances of identifying the leverage. Leverage is a small,
focused action, that can produce significant changes with a minimum effort. Leverage can also be achieved
by weakening the symptomatic response to the problem while strengthening the fundamental solution.
Leverages results in viable, bearable and equitable options during problem solving. The aspirin manufacture
forms a part of the aspirin system, which includes engineering, the planet, people, human health, and
economics.

Sustainability strives for:
e Viable environmental-economic impact: Business is executed with the environment and resources
in mind. .
e Bearable socio-environmental impact: Develop healthy habits that benefit the society and the
environment.
« Equitable socio-economic impact: The generation of economic opportunity for both businesses
and individuals.

ROLE PLAY ACTIVITY

e An Engineer in partnership with a chemist decides that there is a need to upgrade the aspirin
manufacturing plant for sustainability. They takes up the idea to the board, which includes the
Finance manager, the Environmental officer and the Community representative.
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EXPERIMENTAL DATA

FUNCTIONAL UNIT: This LCl is for the manufacture of 1500 kg of Aspirin.

‘ In order to produce 1500 kg of Aspirin, we have to start with 1150 kg salicylic acid and 616.67 kg of —‘
methyl acetate.

| Salicylic acid can be produced using 3 routes-
‘ LCI will be used to find the greener route of producing 1150 kg of salicylic acid.

Refer to the aspirin manufacture information document where necessary.

Question 1

Complete Table 1-3 below by calculating the mass of the components needed to synthesize the product
per table. Do not calculate the shaded blocks in the tables.

a. Complete Table 1 below by calculating the exact mass (in kg to two decimal places) of the components
needed to synthesize 1150 kg of salicylic acid from phenol. [5]
Refer to the Table 1 DATA SHEET on page 7 in the aspirin manufacture document.

From Table 1 on page 7:

927 kg phenol was put in to produce 1000 kg of Salicylic acid
927 kg CgHsOH = 1000 kg SA
x kg C;HsOH = 1150 kg SA

927 kg CoHsOH x 1150 kg SA
1000 kg SA

xkg CcHOH = =1066.05 kg

Table 1: Material balance for the production of 1150 g of salicylic acid from phenol
(Refer to Table 1 page 7) o

[ COMPONENT INPUT (kg) PRODUCT (kg) WASTE (kg) ]
i S~
phenol 1066.05 117.30 _ .
—
Sodium hydroxide 4 8\3 o
Carbon dioxide . -
£77.35 X | 233 .48 |
Sulfuric acid e , .
L | §71.85 A | e .Gs N
activated carbon | 201. 60 A ‘ N1 b oA |
[ |
water 204 2B A K
Ir—godium sulfate | 80S .00 e\ i
| salicylic acid | . || 1150 Q4 . NS _V\_.

-



b. Complete Table 2 below by calculating the exact mass (in kg to two decimal places) of the components
needed to synthesize 1150 kg of salicylic acid from oil of wintergreen. [2.5]
Refer to the Table 2 DATA SHEET on page 7 in the aspirin manufacture document.

From Table 2 on page 7:
1380.74 kg sodium hydroxide was put in to produce 1000 kg of Salicylic acid

1380.74 kg NaOH = 1000 kg SA
xkg NaOH = 1150kg SA

ko NaoH — 138074k NaOH x 1150 kg sS4 _
xRkgRabi = 1000 kg SA - oo g

/

Table 2: Material balance for the production of 1150 kg of salicylic acid from oil of wintergreen ) .5
(Refer to Table 2 page 7)

COMPONENT | INPUT (kg) | prODUCT ke) | WASTE (kg) |
Sodium hydroxide 1587.85
fj Sulfuric acid 1945, 11 A |
| Oil of wintergreen / L8 &l
“/ | water '79'63 /\
< | salicylic acid 1150
methanol 2¢6.L6 L’\
q Sodium sulfate | | | 5£36.85 .

¢. Complete Table 3 below by calculating the exact mass (in kg to two decimal places) of the components
needed to synthesize 616.67 kg of methyl acetate. [1.5]

Refer to the Table 3 DATA SHEET on page 7 in the aspirin manufacture document.

From Table 3 on page 7:
866.48 kg methanol was put in to produce 1000 kg of methyl acetate
866.48 kg CH;0H = 1000 kg MA

xkg CH;0H = 616.67 kg MA -
D

ko CH.OH = 866.48 kg methanol x 616.67 kg MA 534.33K
XRGLELH = 1000 kg MA T oSkes kg '

Table 3: Material balance for the production of 616.67 kg of methyl acetate from natural gas
(Refer to Table 3 page 7)

COMPONENT INPUT (kg) PRODUCT (kg) WASTE (kg)
methanol 534.33 267.68

| water /kﬂ_«?g \/"

| acetic acid | 1007, 89 v\ '
methyl acetate ‘ | 616.67 | R M Lo




Question 2

The % atom economy (calculated in the pre-practical) for route 1 and route 3 is shown in Table 4 row 1.
Refer to the calculated mass in Table 1 and 2 and calculate: " .
a. in row 2 the % reaction mass efficiency of salicylic acid for the route 1 and rq,utelz? 3 (2]
b. in row 3 the % yield of salicylic acid for the two routes. ' [2]
For route 1 theoretical yield of salicylic acid is 1359 kg.
For route 3 theoretical yield of salicylic acid is 1191 kg.

c. inrow 4 the E-factor (total waste) {in keg) 2]
d. Answer the four questions that follow. — (71
[ R
i Table 4 _‘|
“ Green matrix and meaning ‘ Route 1 '| Route 3. |
| % Atom economy ‘ 65.22 % " 54.88 % =
| How efficient the process is in terms of atoms | | ‘
| % Reaction mass efficienc ' . | I
° y = H50ky 0 = 1180 106 |

‘ How efficient the process is in terms of amount | 5(:1‘70’ |'J | sozl .57 ‘

‘ of inputs to product ‘.: 3 8. Lo ‘ﬂ/e«(r BN 2%.0/0 J

"% Yield |

1150 1,\\,7 ) |

b
- 1150y ypo = 1180 T
‘ How efficient the chemical reactions are. 1359 by ‘ 11 g7 e X 160 ‘
’ V4 . \
= Qu. b2 Al E o s |
‘ E-factor (Total waste) (in kg) ‘ 1€29. 4 (’\3 LOGL- iy l,\(. ‘
How efficient the chemical reactions in terms of ' / -\‘j
‘ waste produced. ‘ (/ l ‘ ‘

1 :
honsiderthe calculated green metrics and decide which ‘ Q O(,&e L&/ ; ‘:\C’Cow se 4 qufuces

‘ SA synthetic route you would select for your company. ‘ les % ‘
ens Wb

‘ Justify your choice. 2] | ‘
| | |
‘ What type of system boundary (Cradle to gate or Gate | b Wes V\dl’\ be
. FAIAN A i
to grave or Cradle to grave or Gate to gate) is FX:"’\"V‘ < f)b \ Y, ‘
‘ implemented in this inventory? ‘ Ny vj«,‘k"r&dfs |
‘ Refer to Figure 3, Page 4 of the Aspirin Manufacture ‘ C racile %O 9 CC’éé |
| document. (11 | ( |
’»Would expansion of the boundaries to include the raw ‘ -~

‘ material extraction processes likely resuit in your ‘
change of choice of the more sustainable route?

| Explain in brief [21 ‘ NWV\{\A\ @;

Phenol is obtained from crude oil. Crude oilis anon- | * P\QW m:LMH ' M\\ |
renewable resource. What effect would depletion of |

| crude oil reserves have on the cost of buying aspirin? ‘ L l % ﬂk:"\k}'ts C 95-‘;
’ : ZHiT }
| rﬁa ’YTCW\?M are 03\\

| Briefly explain.

|
(2] |
LY J




Question 3

v TR
| Answer the following questions in the space provided: |

How can the impact (environmental, social or | K (Congicee uSing  fene woble resourtes,

economic) of the inputs and output be | eco - WCJ’{CAoF‘ N e re S e y,mt,1 60;6"'(
LA VN : )~ ]

minimized or managed to make the process | QU[O’{)‘JDWC‘QS \;W,,\-id,‘ réJuceS Yne (\42";6«46\'06

l sustainable? [2] | b enufmf\rv’\é_f\“b . Nevsewnd recﬁc(i:s‘

| | , _ .
| | ¥ Caonsroer  gociod G (JEQ(JM plmesj

| | ncluding laloo~ wyons , worker 5‘3.%&&
| | oA comananTe w -leo@'«(\e‘
| ¥ (olialoocebe Wt appliers  ond e«cw'\’a@*@
| Susterinchle prackiees  bhaughowh the fugnl
Up Juppy
SHMMMASLELS e

How can the impact (environmental, social or

| nves 51:27 n tenepflle  enecey Judh S
| _ hudro Salar POWen helps redvee ﬂLfeenhom
| o make the process sustainable? [2] Goses e SSIoNT . ) |

| | R Peg vide L nsuleke S end | efficeat ewipt\@f\’v

| | which reddutees was%&&q r\er@\a’ .
|I ¥ 8’3‘ SNFB',‘-\:.I enleci -~ %r\{,ﬁﬂs‘,vg eiche ki es o %g‘;

Besides the energy costs and the buying all | ' |

| economic) of energy be minimized or managed

| .

the raw materials, what other cost | L &(Dor cosbs / |

| implications do you anticipate the aspirin |

‘ manufacturing process to incur? 2] | E necgyy ex penses 1 |
Cashs |

|
| Give 2 examples? | Fac b\‘j oo nenence |
|
\ |
| | |
How does the exercise you just carried out on “v(;\reen Chomish prine] pl@S Pm Mo ke '|
| synthesis of aspirin display the central role of | tee dewelop pork  of eav: ron merb wU\‘j 4|r7‘er\c

| chemistry in the mitigation of global |.-5l¥) P@Cesggs S,Uf ‘“W L USE ol
R B _ ‘d’\
| sustainability issues: 2] ll\f\u dows  mokeccds |

| |
|| > By care,éi»ll\tj %e\QA' ceackon ondit '&?M’,
uy of '
cObalyst * ony crgm rekhact s Con be

used &0 onjansjze  the prcrf vekon of wawanta

SYSTEMS THINKING IN SUSTAINABILITY 55 produc‘vS er toxies.

Sustainability is all about systems and making sure we are thinking about the entire picture so we can

address a problem from all angles. It is important that we start seeing the Earth as a system. Within this

system, there are other systems such as People, Planet and Profit. All three systems are tightly

interconnected and initiatives to address one often overlap with the other. just like, there would not be

people without a planet, there would not be a business without people, and there would not be prosperity

without business.

Vi ""\

sustainable systems thinking is a mindset that helps us to untangle and work within the complexity of life
on Earth. It helps us to better understand the impact of our work on the world around us and be responsible
for what we create and how we innovate. An important step in developing a systemic approach is to find

5



the source of the problems, as these increases the chances of identifying the leverage. Leverage is a small,
focused action, that can produce significant changes with a minimum effort. Leverage can also be achieved
by weakening the symptomatic response to the problem while strengthening the fundamental solution.
Leverages resultsin viable, bearable and equitable options during problem solving. The aspirin manufacture
forms a part of the aspirin system, which includes engineering, the planet, people, human health, and
economics.

Sustainability strives for:
. Viable environmental-economic impact: Business is executed with the environment and resources
in mind. ,
« Bearable socio-environmental impact: Develop healthy habits that benefit the society and the
environment.
s Equitable socio-economic impact: The generation of economic opportunity for both businesses
and individuals.

ROLE PLAY ACTIVITY

« An Engineer in partnership with a chemist decides that there is a need to upgrade the aspirin
manufacturing plant for sustainability. They takes up the idea to the board, which includes the
Finance manager, the Environmental officer and the Community representative.
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EXPERIMENTAL DATA

FUNCTIONAL UNIT: This LC is for the manufacture of 1500 kg of Aspirin.

| In order to produce 1500 kg of Aspirin, we have to start with 1150 kg salicylic acid and 616.67 kg of
‘ methyl acetate.

Salicylic acid can be produced using 3 routes.

‘ LCl will be used to find the greener route of producing 1150 kg of salicylic acid.

Refer to the aspirin manufacture information document where necessary.

Question 1

Complete Table 1-3 below by calculating the mass of the components needed to synthesize the product

per table. Do not calculate the shaded blocks in the tables.

a. Complete Table 1 below by calculating the exact mass (in kg to two decimal places) of the components

needed to synthesize 1150 kg of salicylic acid from phenol.
Refer to the Table 1 DATA SHEET on page 7 in the aspirin manufacture document.
From Table 1 on page 7:

927 kg phenol was put in to produce 1000 kg qf Salicylic acid (:_‘,'
927 kg CcHOH = 1000 kg SA '

x kg CeHsOH = 1150kg SA

927 kg C¢HsOH x 1150 kg SA

¢ = =1066.05k
x kg CeHsOH 1000 kg SA 0 g

Table 1: Material balance for the production of 1150 kg of salicylic acid from phenol
(Refer to Table 1 page 7)

| COMPONENT ‘ INPUT (kg) ‘ PRODUCT (kg) | WASTE (kg) ‘
' phenol | 106605  ~ | ‘ 1730 |
| - . |
[ . . .

‘ Sodium hydroxide | L'_L65 ” O ./\ | ‘ |

. . | 1
Cotondoide | 6771 36 A | 232,45 —
Blfunc‘ acid 9 1) t(;@ A\ | - | [Q,ng w1 ‘
‘ activated carbon 1 7. );CJO Al | Z/H PC)O w1 |
[ ' 0400~ |
| sodium sulfate | ‘ =2 L) < |
licyli id ' 1150 I

Isalcyn:a(:l | A ((ﬂ[),],7}< |




b. Complete Table 2 below by calculating the exact mass {in kg to two decimal places) of the components
needed to synthesize 1150 kg of salicylic acid from oil of wintergreen. [2.5]
Refer to the Table 2 DATA SHEET on page 7 in the aspirin manufacture document.

From Table 2 on page 7:

1380.74 kg sodium hydroxide was put in to produce 1000 kg of Salicylic acid
1380.74 kg NaOH = 1000 kg SA
x kg NaOH = 1150 kg SA

ko NaOH = 1380.74 kg NaOH x 1150 kg SA _ 1587.85 k
xrg NaviE = 1000 kg SA - OO RY

Table 2: Material balance for the production of 1150 kg of salicylic acid from oil of wintergreen
(Refer to Table 2 page 7)

I| COMPONENT ‘ INPUT (kg) ‘ prODUCT (kg) | WASTE(®)

| Sodium hydroxide ‘ 1587.85 | || ‘
cac = v | |

‘. Sulfuric acid ‘ ‘quajbg < | | |

’r()ilofwintergreen ‘l IUX% }(Dl v ! ‘ m

_{
| water '! | \| 7365 |
|

| salicylic acid | | 1150
"_methanol ‘ ‘ | 7,(9 b} Ly(” V\ ||
| Sodium sulfate ‘. || ‘ 6 (077(0J &6@, ﬂ\

c. Complete Table 3 below by calculating the exact mass (in kg to two decimal places) of the components
needed to synthesize 616 6.67 kg ofmethyl acetate. [1.5]

Refer to the Table 3 DATA SHEET on page 7 in the aspirin manufacture document.
From Table 3 on page 7:
866.48 kg methanol was put in to produce 1000 kg of methyl acetate
866.48 kg CH;0H = 1000 kg MA
X kg CH;0H = 616.67 kg MA
e

866.48 kg methanol x 616.67 kg MA

= =534.33k
x kg CHyOH 7000 kg MA 53 g

S

Table 3: Material balance for the production of 616.67 kg of methyl acetate from natural gas
(Refer to Table 3 page 7)

COMPONENT INPUT (kg) | PRODUCT (kg) | WASTE (kg) |
methanol ': 534.33 —l— | 267.68 |
[ water 1 1quats

|acet|cac1d 1(”} %'] A ' | |
| methy! [ methy! acetate 616.67 J ’%Z}O '? e |



Question 2

The % atom economy (calculated in the pre- practical) for route 1 and route 3 is shown in Table 4 row 1.

Refer to the calculated mass in Table 1 and 2 and calculate: 3
a. inrow 2 the% reaction mass efficiency of sal|c¥l|g gc!_d for the route 1 and route/2. {2]
b. in row 3 the % yield of salicylic acid for the two routes. 2]

For route 1 theoretical yield of salicylic acid is 1359 kg.
For route 3 theoretical yield of salicylic acid is 1191 kg.

c. inrow 4 the E-factor {total waste) (in kg) 2]
Answer the four questions that follow. Cf\ {71
B Table 4 |
|
‘ Green matrix and meaning ‘ Route 1 | Route 3 l
| % Atom economy ‘ 65.22 % \ 54.88 % .

' How efficient the process is in terms of atoms | - | ‘

l_
% Reaction mass efficiency

° y \
‘ How efficient the process is in terms of amount ‘ LHI @6 / < l7/ L}_O / |

' of inputs to product |

% Yield | J';QO - |
| How efficient the chemical reactions are. IZ§Q4 %(](I)O %% “CM Xm ,ar/ §[,, i

|
| E-factor (Total waste) (in kg) ;Z;%LSQT’F’@](’E St f"}é% ]78 Z+ Jbbe |

‘ How efficient the chemical reactions in terms of “ Z@L{HJO ki 52{”/"'7’" + 35@22% |
| waste produced. ?‘ﬁ}%}@l lé‘é-i = — (40 )}'“4' [Kg

#Consider the calculated green metrics and decide which |

‘ SA synthetic route you would select for your company. | ZO Ut o, _4/ ‘H\C lJ cl V\)q}'\ &

| Justify your choice. m ’}L % ONncL
‘ (hl pée &O ql’w{%nam mtéﬂ 12 Qr}orm'aﬁ'ﬁff
“What type of system boundary (Cradle-tog: gate or Gate | (ﬁ' Cl ’\QWHC"*” [‘;(,U‘:‘/J‘ |
to grave or Cradle to grave or Gate to gate) is |

‘ implemented in this inventory? Cr\aa( e ‘|U ij Ve |

| Refer to Figure 3, Page 4 of the Aspirin Manufacture | J

‘ document. [1} | W |

mn510n of the boundaries to include the raw Pk/%\e @Chﬂ (*\Oh Wpﬂ. r.}je/{f Wj

material extraction processes likely result in your
| change of choice of the more sustainable route? |N’J\A,H tn vore £ VW\WW‘ e

‘ Explain in brief [21 ‘-H"UV\ 300(:1 de{:‘ﬂa*‘g_ﬂ\e whole aur

‘ Phenol is obtained from crude oil. Crude oil is a non- |- Urwde Gl wal | Gewme L\[m’[
renewable resource. What effect would depletion of ‘ &me er@ ﬂ\mt te OWQFIL‘IJ’PJ
. - Jj
i ?
| crude oil reserves have on the cost of buying aspirin: | nvin ‘h\Q nco ur C T do o\l b‘é‘uw—\@

Moye
| | e"PQMVQJNﬂAlHr\ N ant norease

Briefly explain. [2] | \(y\ Ha
L e ¢ I'.r\n(
< —s—proteicirg hjo(r\A

) jﬂMCd‘dj A b\j)\e{ rm‘ge 4o 'o:y Lo




Question 3

I

Answer the following questions in the space provided: i

(NSNS

iHow can the impact (environmental, social or }"‘k,k\h{ ¢ Qc_\ l /oL ‘H/\ (/\cnc_u? |

| economic) of the inputs and output be |04 C,L\C . & '\(9 Vd;g ! :7 |
N\J\CQJI’ a N .

| minimized or managed to make the process | |

| sustainable? [2] = Wope U_,UJ\C& Y‘@(iqc@ wrv*& %7 |

| || cosching and MW . ||
|| \—\ @\) aw\jq;& «-kuecl«(u{gjj Cn;_tO( (EI
| |M Ap& |

'|
| | |
How can the impact (environmental, social or | ‘W e cculd h’\_"dCG (A€ of }”U\OU‘ |
economic) of energy be minimized or managed | * |

|

| ) €n J (Br/d Ckﬂme’ '\Q:mw Gac-ef\erJ(
| to make the process sustainable? 2] |C’)L mu cﬁ o€ n ( g
| | Lv:\C ( €ct per adlord e
| ) | the 0 LN \ |
| | |
[ Besides the energy costs and the buying all - ) |
| the raw materials, what other cost e l S0 7 i i € '5’ oS |
|| implications do you anticipate the aspirin S GL S |

| _ )
| manufacturing process 10 incur? [2] ||’- \ (}L’Our Lfc&of\ 4 |
| 2 Cork of Wane dirpareal |

| Give 2 examples?

| | |
| [

| |

| How does the exercise you just carried out on I~ Une N tan Le wed 1o Leu‘e"()\b new |

| synthesis of aspirin display the central role of || Wuker \M{Rmk" on Prwg fres oongk }m €r\+, |
llchem.istrt\)/_l‘ in. the? mitigation  of glob;l L A'V rQ.&b\OQI ?u\ {ukion o k g(b 7 v'\wa\ellw%
Isustama ility issues? (2] || U\em{ﬂ' @n k:_e w‘gd J(»o de\)‘(’/l"f NN ,||

| | Qmﬂ?u\ odvt] Sude o Color (Rl und GtO1Er
| /’L#Wj a&\g edue rellon®

' IO TTTTUE SVe /N e )

SYSTEMS THINKING IN SU STAINABILITY

Sustainability is all about systems and making sure we are thinking about the entire picture so we can
address a problem from all angles. It is important that we start seeing the Earth as a system. Within this
system, there are other systems such as people, Planet and Profit. All three systems aré tightly
interconnected and initiatives to address one often overlap with the other. Just like, there would not be
people withouta planet, there would not be a business without people, and there would not be prosperity
without business.

Sustainable systems thinking is a mindset that helps us 1o untangle and work within the complexity of life
on Earth. It helps us to better understand the impact of our work on the world around us and be responsible

for what we create and how we innovate. An important step in developing a systemic approach is to find

5



the source of the problems, as these increases the chances of identifying the leverage. Leverage isasmall,
focused action, that can produce significant changes with a minimum effort. Leverage can also be achieved
by weakening the symptomatic response 10 the problem while strengthening the fundamental solution.
Leverages results in viable, bearable and equitable options during problem solving. The aspirin manufacture
forms a part of the aspirin system, which includes engineering, the planet, people, human health, and
economics.

Sustainability strives for:
« Viable environmental-economic impact: Business is executed with the environment and resources
in mind.
« Bearable socio-environmental impact: Develop healthy habits that benefit the society and the
environment.
o Equitable socio-economic impact: The generation of economic opportunity for both businesses
and individuals.

ROLE PLAY ACTIVITY

« An Engineer in partnership with a chemist decides that there is a need to upgrade the aspirin
manufacturing plant for sustainability. They takes up the idea to the board, which includes the
Finance manager, the Environmental officer and the Community representative.
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EXPERIMENTAL DATA

FUNCTIONAL UNIT: This LCl is for the manufacture of 1500 kg of Aspirin.

" In order to produce 1500 kg of Aspirin, we have to start with 1150 kg salicylic acid and 616.67 kg of ‘
methyl acetate.

Salicylic acid can be produced using 3 routes.

‘ LCI will be used to find the greener route of producing 1150 kg of salicylic acid.

Refer to the aspirin manufacture information document where necessary.

Question 1
Complete Table 1-3 below by calculating the mass of the components needed to synthesize the product
per table. Do not calculate the shaded blocks in the tables.

a. Complete Table 1 below by calculating the exact mass (in kg to two decimal places) of the components

needed to synthesize 1150 kg of salicylic acid from phenol. [5]
Refer to the Table 1 DATA SHEET on page 7 in the aspirin manufacture document.
From Table 1 on page 7: 3

927 kg phenol was put in to produce 1000 kg of Salicylic acid
927 kg CeHsOH = 1000 kg SA
x kg CoHsOH = 1150 kg SA

927 kg C,HsOH % 1150 kg SA
1000 kg SA

x kg CeHsOH = =1066.05 kg

Table 1: Material batance for the production of 1150 kg of salicylic acid from phenol
(Refer to Table 1 page 7}

COMPONENT INPUT (kg) PRODUCT (kg) |  WASTE(kg) |

| | |

phenol 1066.05 | 117.30 ,

_ . A il
Sodium hydroxide 452 \0 |/ ‘ 2

ioxi A\ ' )

Carbon dioxide R b’/ ‘ 2N 45 “/_,;

Sulfuric acid oAl SS L/:\ V4.9 \/\|
activated carbon 2N . 6O v \ 011, 60 |\/ \
water : 204.70
| sodium sulfate \ ‘ 205 .00 ‘\,.f'i
|; salicylic acid | 1150 ‘ 242, 65 :




b. Complete Table 2 below by calculating the exact mass (in kg to two decimal places) of the components
needed to synthesize 1150 kg of salicylic acid from oil of wintergreen. [2.5]
Refer to the Table 2 DATA SHEET on page 7 in the aspirin manufacture document.

From Table 2 on page 7:
1380.74 kg sodium hydroxide was put in to produce 1000 kg of Salicylic acid

1380.74 kg NaOH = 1000 kg SA
xkg NaOH = 1150 kg SA

v = 35074 kg NaOH x 1150 kg SA _ oo oo
x kg NAYE = 1000 kg SA = (02 g

Table 2: Material balance for the production of 1150 kg of salicylic acid from oil of wintergreen
(Refer to Table 2 page 7)

WASTE (kg) l

[| COMPONENT | INPUT (kg) |] PRODUCT (kg) ‘
|
sodium hydroxide 1587.85 ‘
mhvdrosde | |
|_Suh‘uric acid ‘ \ O\A,Q A\ W/ | || _‘
I| Oil of wintergreen ‘ \4@8 - bl I |l ‘
‘ water ‘ ‘ \_\% o L./j
S il | |
salicylic acid 1150
JI_ ! I . //\ ‘
‘ methano! ‘ ‘ l Vb Vlo V4 ‘\
. . i
‘jodlum sulfate _“_ l ‘ %63‘0 3 QL

c. Complete Table 3 below by calculating the exact mass (in kg to two decimal places) of the components
needed to synthesize 616.67 kg of methyl acetate. [1.5]

Refer to the Table 3 DATA SHEET on page 7 in the aspirin manufacture document. \,6
From Table 3 on page 7:
866.48 kg methanol was put in to produce 1000 kg of methyl acetate

866.48 kg CH;0H = 1000 kg MA
x kg CHsOH = 616.67 kg MA

1o CHOH = 866.48 kg methanol x 616.67 kg MA 534.33 k
xRGLESUH = 1000 kg MA = 23%35%g

Table 3: Material balance for the production of 616.67 kg of methyl acetate from natural gas
(Refer to Table 3 page 7)

" COMPONENT "INPUT (kg) PRODUCT (kg) | WASTE (kg) |
| methanol | 534.33 | '| 267.68 A |
" water | Al |1 '

L ' + |

[ acetic acid \DQ \E\'_\‘ |

methy! acetate | '| 616.67 | 22 .01 W, W

149.728 ¥ J‘

-



Question 2

The % atom economy (calculated in the pre-practical) for route 1 and route 3 is shown in Table 4 row 1.
Refer to the calculated mass in Table 1 and 2 and calculate:
a. in row 2 the % reaction mass efficiency of salicylic acid for the route 1 and route 5 {2}
b. in row 3 the % yield of salicylic acid for the two routes. [2]
For route 1 theoretical yield of salicylic acid is 1359 kg. .
For route 3 theoretical yield of salicylic acid is 1191 kg.

c. inrow 4 the E-factor (total waste) (in kg) [2]
Answer the four questions that follow. [71
' Table 4 B
|
‘ Green matrix and meaning | Route 1 \ Route 3 |
| | |
hﬁ Atom economy | 65.22 % | 54.88 % |
How efficient the process is in terms of atoms ‘ ‘ J
i 9% Reaction mass efficiency GRS -
. _ . i wath W \1
‘ How efficient the process is in terms of amount ‘ = 38. 0 I 7& | 507\-1S LS “
| of inputs to product ﬂze‘\‘_‘iz\ e 1100 ‘ = 07.90 1. 4
"% - e (i
| : |
| H | o« v, 'r:
| % Yield ‘J 'O ;W90 (o0 i
| How efficient the chemical reactions are. 1594 1\ © v/
| | = ga.h1 VY \ - %6 -5kl |
| . , - - |
E-factor (Total waste) (in kg) ‘n'm;o & 25345+ 18.45 V19 .6m & Qob.bb ¥ |
‘ How efficient the chemical reactions in terms of ‘ _\;22“:10 :S 2040 RN gLy, )T ‘
waste produced. ) / - -
| P | = qepa.osky /| T ©O%T \S o |

'(2—\00&& W oas b producey

| Consider the calculated green metrics and decide which |
‘ SA synthetic route you would select for your company. |

|

, : |

‘ Justify your choice. [2] ‘ oy wogre then toute . ‘
4

‘ What type of system boundary (Cradle to gate or Gate | \/ B

to grave or Cradle to grave of Gate to gate) is R)Q\,‘L ko Q,Qk& . |

| implemented in this inventory? ‘ , |

‘ Refer to Figure 3, Page 4 of the Aspirin Manufacture

' |

Fd
g a0 \seo Lo\ of \M\\ﬁ\cjsem\ |
gRivey Oy Q reewable  TeIPUIR ‘

document. [1]

WVould expansion of the boundaries to include the raw
material extraction processes likely result in your ‘
change of choice of the more sustainable route? ‘

Explain in brief [2] |i1“\iY-x€a crude ol didn Tl ‘

‘ Phenol is obtained from crude oil. Crude oil is a non- | Tr wyould ;nti(Qcoe UJ‘@ 7 out ok |
renewable resource. What effect would depletion of - Ao 7 |

crude oil reserves have on the cost of buying aspirin? ‘ ?\5QT\(\ Qv TS (ROt weould R

| wg,  Guppla e eaey | Leos peogi |
Briefly explain. [2] ‘ wou\z)s \ 6ok Less V \ ]
S Y L%




Question 3

Answer the following questions in the space provided:

I R S
How can the impact environmental, social or |/ - .
pact { |/-.!w\\\(\\g\0 wothe(9  the  ROQLC o\‘s() osal |

Y |
| minimized or managed to make the process | nukoes ond r(“?-ﬂ\/\?tﬁ\&km\\\?) etnods  &in |
| sustainable? (2] | oe w0 ey e W ol woNagp |
| | il ToWwe e agett of pubsioic ot |
| | Renomen . |

|
| 2y
| ‘\b(\v\od oble W B0 ey \1\00\\)&0\“&.\\ by, |

| |enms\s\e dheny wedh - wen redue  KOLt9. |

| | J |

_._.___—-—-——-—'_'_____._-——————*___._.—-—‘

e

| How can the impact (environmental, social or % . _ |

| economic) of energy be minimized or managed | \T\(’, reduliof  of QO“UUO(\ ond \ﬁ‘ﬁ@\k on |
|

|| to make the process sustainable? [2] | RAtREn won oo de\“gd by wwo MOE ||
|

economic) of the inputs and output be

| Use of enewdd [RLOUILRD ond Juoss |

|\)\80q\€, O \‘\DY\~(U\Q\/¢O\3\U 1Loolil Y ||
__________-—-4—

|_'—"’///
Besides the energy costs and the buying all ‘

| _ &Y ying |>& Lou\ of e wroluyy  9WNpronies uih |

| the raw materials, what other cost |

| implications do you anticipate the aspirin o \’\150 & . |

| manufacturing process to incur? 2] | |

| || *Qox\‘\mzo\(\ob of Wy Q\oduuh- |

| Give 2 examples?
— .
|| | ¥ \ronsporcation of thae Q‘Od“&- \

| |

| How does the exercise you just carried out on |

;k \ 4 Y E |
| synthesis of aspirin display the central role of | KNNWML\ Loft bo ot b ihe MO ||

|chem.istry” in' the mitigation of global | imqou&u\\ tood 1 gustanfalaie wedes |
| sustainability issues? 211 » |

| | it NG, \g(\lL o of e R z\mq ||

|| ||\6-r~&( Gusoiroe  Woregriient of (foco\amon_ |

/

SYSTEMS THINKING IN SU STAINABILITY

Sustainability is all about systems and making sure we are thinking about the entire picture so we can
address a problem from all angles. It is important that we start seeing the Earth as a system. Within this
system, there are other systems such as People, Planet and Profit. All three systems are tightly
interconnected and initiatives to address one often overlap with the other. Just like, there would not be
people without a planet, there would not be a business without people, and there would not be prosperity
without business.

sustainable systems thinking is a mindset that helps us 10 untangle and work within the complexity of life
on Earth. It helps us to better understand the impact of our work on the world around us and be responsible
for what we create and how we innovate. An important step in developing a systemic approach is to find

5



the source of the problems, as these increases the chances of identifying the leverage. Leverage is a small,
focused action, that can produce significant changes with a minimum effort. Leverage can also be achieved
by weakening the symptomatic response 10 the problem while strengthening the fundamental solution.
Leverages resultsin viable, bearable and equitable options during problem solving. The aspirin manufacture
forms a part of the aspirin system, which includes engineering, the planet, people, human health, and
eCoONOMICS.

ok

Sustainability strives for:
e Viable environmental-economic impact: Business is executed with the environment and resources
in mind.
. Bearable socio-environmental impact: Develop healthy habits that benefit the society and the
environment.
o Equitable socio-economic impact: The generation of economic opportunity for both businesses
and individuals.

ROLE PLAY ACTIVITY

e An Engineer in partnership with a chemist decides that there is a need to upgrade the aspirin
manufacturing plant for sustainability. They takes up the idea to the board, which includes the
Finance manager, the Environmental officer and the Community representative.



e Lastly, all group members should discussion amongst themselves and write down their ideal sustainable plant. There will be leverages, compromises,

adjustments, and amendments as viable, bearable and equitable spheres of sustainability should be taken into consideration when designing the new
sustainable plant.

Hint: You are welcome to refer to the 17 sustainable development goals.

e

\\
Financial manager, Enviromental officer and the community representative /
1. The new plant will have solar panels :

2. The community will assist with reforestation.
mm@m:_.@ of  Wask fo useful \am\_\ow )
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w
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ITovide x_waa.\ }Q\s\mwna\m\c\?w Ar obw%\_\«mr m\\og\ &waxs_‘@w\?w
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Are all group members happy with the new plant design? Yes | k No




e Carry out a role play in which each group member assumes the stated role in the meeting. in the space provided, each member should write down his
or her own expectations of the new plant.

3“:5:8 manager /

fi
1. _<_mx_3_Nm U_.o it Fw m %\ the iy Lﬁh&ﬁ

Flaanet
. Cot @%le M
% nsm:{l eApT éix& controf

M@.\v cenfrof . | u
f&cfc m,popr/ﬁ/ e .290 WA GAN) (onthis cost efFfective
the

CQEEioe Qe wWDrieto ke
Have high nef-worthr yalue
e .

[ ]

)

/ Commnunity represantative « | Asprin Manufacturing Enviromental Officer J

1. Create jobs for local mom_mB_Nw.ijﬁ
 Mbracf pourist o doue e pewl plort

ﬁ:o:,fs farr ao%d. cordthots for \gg\\@\\f )
Otfes itg oc educationel progyremNe
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