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Outline of our Institute
The Institute of  Chemistry Ceylon  is a   professional  body and a learned 
society founded in 1971 and incorporated  by act of Parliament No. 15 of 
1972. It is the successor  to the Chemical Society of  Ceylon which was 
founded in 1941. Over 50 years of existence in Sri Lanka makes it the oldest 
scientific body in the country.

The Institute has been established for the  general  advancement of the 
science and practice of Chemistry and for the enhancement of the status of the 
profession of Chemistry in  Sri Lanka. The Institute represents all branches 
of the profession and its membership is accepted by the government of Sri 
Lanka (by establishment circular 234 of 9-3-77) for purposes of  recruitment 
and promotion of chemists.

Corporate Membership
Full membership is referred to as  corporate membership and consists of two 
grades:  Fellow (F.I.Chem.C.) and  Member (M.I.Chem.C.)

Application for non-corporate membership is entertained for four grades: 
Associate (former Graduate) (A.I.Chem.C.), Licenciate (L.I.Chem.C.),                 
Technician (Tech.I.Chem.C.) and Affiliate Member. 

Revision of  Membership Regulation 
All  Special Degree Chemists can now apply directly to obtain Associate        
(Graduate) Membership. Three year B. Sc. Graduates (with an acceptable  
standard of Chemistry) can
(i)  directly become Licentiate 
(ii) obtain corporate membership in a lesser number of years.

Tech.I.Chem.C.
Those who have passed the DLTC examination or LTCC examination or 
have obtained equivalent qualification and are engaged in the practice of 
Chemistry (or chemical sciences) acceptable to the Council are entitled to 
the designation Tech.I.Chem.C.
Members/Fellows with Membership for Life are entitled to the designation 
of Chartered Chemist (C.Chem.)  on  establishment of a high level of 
competence and professionalism in the practice of chemistry and showing 
their commitment to maintain their expertise.

All corporate members (Members / Fellows) are  entitled to vote and become 
Council/ Committee members whether Chartered Chemists or not.

Membership Applications
Any application for admission to the appropriate class of membership or for 
transfer should be made on the  prescribed form available from the Institute 
Office.

Current Subscription Rates
Fees should be payed on 1st of July every year and will be in respect of the 
year commencing from 1st July to 30th June

 Fellow  Rs.   2000
 Member  Rs.   2000
 Associate  Rs.   1500
 Licenciate  Rs.   1200
 Technician  Rs.     750
 Affiliate  Rs.   1200
 Membership for Life   Rs. 15000

Entrance Fee 
 All the grades            Rs.  1000
 Processing Fees*         Rs.    500  
 Processing Fee for
 Chartered Chemist designation    Rs. 5000
 Institutional Members  Rs. 2500
 *per application for admission/transfer to any grade
 
Headquarters Building
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Guest Editorial

Abstract

The increasing carbon dioxide concentration in the 
atmosphere has become a global issue and contributions 
from different sectors need to be understood in holistic 
manner. The invited article addresses the contributions 
from various sectors for global carbon dioxide issue, 
and identifies possible solutions, in the global and local 
manner. 

Introduction

1.1 Carbon Footprint

The carbon footprint (CFT) is a term derived from 
the older term ecological footprint that was coined, in 
1990s, by the ecologist William Rees and regional planner 
Mathis Wacknergel [1]. The ecological footprint refers to 
the total area of land and resources required to sustain 
an activity or population, including food production and 
water use. The CFT is defined as the total greenhouse gas 
caused by an individual, event, activity, service, place, 
or product. It is usually expressed as carbon dioxide 
equivalent (CO2e) and is usually measured in tons of 
carbon dioxide released per annum [2]. The Kyoto 
protocol identifies seven greenhouse gases (GHGs) 
which include carbon dioxide (CO2), methane (CH4), 
nitrous oxide (N2O), hydrofluorocarbons (HFCs), 
perfluorocarbons (PCFs), sulfur hexafluoride (SF6) 
and nitrogen trifluoride (NF3) [3]. Additionally, there 
are other GHG emissions black carbon, sulfur dioxide, 
contrails, various aerosols, or ozone precursors that are 
not included in these definitions [4,5]. However, the 

European Emissions’ Trading Scheme (EUETS) requires 
the reporting of only CO2 emissions [6]. 

There are large number of processes that are contributing 
to CFT which also include the natural processes that 
store or release carbon dioxide, and the interactions 
between these processes are often complex. As such, 
Write, Kemp and Williams described a way towards 
universal definition for CFT. According to them, only 
account for CO2 emissions would result in the omission 
of almost a third of GHGs and a significant gap in their 
global management, whilst inclusion of all GHGs is very 
time-consuming and expensive and should be considered 
only in system-specific life cycle-based assessments for 
which a separate definition, name and methodology is 
required [7]. They suggest that the CFT to make a cost-
effective, practical and repeatable metric, that can be 
adopted by all types of organizations, across the globe, as 
a ‘baseline’ indicator, only carbon dioxide and methane 
should be considered for the CFT. As of 2015 statistics, 
the global anthropogenic greenhouse gas emissions are 
CO2 76%, CH4 12%, N2O 6%, HFC, PFC and SF6 2% 
[8] that justifies their suggestion. They also show that 
when non-carbon GHGs are included, the appropriate 
term would be climate footprint rather than CFT. This 
is because all GHGs contribute to climate changes 
particularly to increase in global average temperature 
by as much as 2 °C above pre-industrial levels.

The Global Warming Potential (GWP) was developed 
to allow comparisons of the global warming impacts 
of different greenhouse gases [9]. Specifically, it is a 
measure of how much energy the emissions of 1 ton of 
a gas will absorb over a given period of time, relative to 
the emissions of 1 ton of carbon dioxide (CO2). The time 
period usually used for GWPs is 100 years. Therefore, the 
GWP represents how much a given mass of a chemical 
contributes to global warming, over a given time period, 
compared to the same mass of CO2. The GWPs provide 
a common unit of measure, which allows analysts to add 
up emission estimates of different gases (e.g., to compile 
a national GHG inventory), and allows policymakers to 

Holistic Approach to Reduce Carbon Footprint: Impact of Energy Industries
R. M. G. Rajapakse

Department of Chemistry, University of Peradeniya, Peradeniya 20400
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Various countries have considered and adopted different 
strategies to reduce carbon footprint. These include the 
following.

• Improve and promote energy conservation and 
efficiency.

• Use fuels with low carbon output such as nuclear 
and hydrogen fuels.

• Change to renewable energy (Solar, hydropower, 
wind, and bioenergy)

• Promote carbon capture and storage.
• Use and promote geoengineering approaches 

(reforestation, afforestation).  

The Closing Window Climate Crisis calls for rapid 
transformation of societies of the UN Environmental 
Program (EGR2022.pdf ) shows the countries 
contributing to the total and per capita GHG emissions 
of major emitters in 2020, including inventory-based 
emissions and removals of greenhouse gases resulting 
from direct human-induced land use, land-use change 
and forestry activities (LULUCF). Figure 1 (a) shows the 
total GHG emissions by different countries in 2020, and 
Figure 1 (b) compares them as per capita GHG emissions. 
Figure 1 (c) shows the carbon emission in megatons of 
carbon dioxide from fossil fuel and cement by top 15 
counties countries during 1750 to 2020 [13]. Figure 1 

(d) shows the predicted global greenhouse gas emissions 
by SRES scenario, demonstrating the wide disparity 
of outcomes determined by the pathway of human 
development adopted in the 21st century [Assessment of 
the ecological vulnerability of the East Coast Otter Trawl 
Fishery to climate change: a brief synthesis of information 
and results of an expert workshop. Available from: [14].

 
Figure 1: (a) The total GHG emissions by different 
countries in 2020, (b) comparison of the data in (a) 

as per capita GHG emissions, (c) the carbon emission 
in megatons of carbon dioxide from fossil fuel and 
cement by top 15 counties countries during 1750 to 
2020 and (d) the predicted global greenhouse gas 

emissions by SRES scenario, demonstrating the wide 
disparity of outcomes determined by the pathway 
of human development adopted in the 21st century 

Table 1: The Global Warming Potential (GWP) of some greenhouse gases over 100 years.

Gas GWP Remarks

Carbon dioxide (CO2) 1
Reference. Remains in the atmosphere for a long time and 
concentrations build up with time. 

Methane (CH4) 27-30 Shorter lifetime in the atmosphere and higher energy absorption

Nitrous Oxide (N2O) 273 Remains in the atmosphere for more than 100 years, on average.  

Chlorofluorocarbons 
(CFCs)

93 - 12,100 CFC-11 5000, CFC-12 8500. [10]

Hydrofluorocarbons 
(HFCs) and blends

92-14,800
Fluoromethane (CH3F) 92, Trifluoromethane (CF3H) 14800, others 
have values within this range. [11] Lifetimes in the atmosphere up to 
270 years.

Perfluorocarbons 
(PFCs)

up to 12,200 Lifetime in the atmosphere up to 2,600–50,000 years. [12]

Nitrogen trifluoride 
(NF3)

17,200 Lifetime in the atmosphere up to 740 years. [12]

Sulphur hexafluoride 
(SF6)

22,800 Most potent GHG. Lifetime in the atmosphere up to 3,200 years. [12]

compare emission reduction opportunities across sectors 
and gases. Table 1 shows the GWP of some greenhouse 

gases over 100 years.
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(Creative Commons License [13,14]). 

Greenhouse Gas Emissions by Sector

The GHG emissions by sector include energy, direct 
industrial processes, waste, and agriculture, forestry 
and land use. The energy sector includes electricity, 
heat and transport which accounts for 73.2% global 
GHG emissions. Direct industrial processes, waste, and 
agriculture, forestry and land use contribute to 5.2%, 
3.2% and 18.4%, respectively, as per 2016 data [15]. Their 
figure reproduced here as Figure 2 (with permissions) 
show the contributions from subdivisions of each sector. 

 

Figure 2: Global greenhouse gas emissions by sector 
(Reproduced with permission from [15]). 

Figure 3(a) shows the GHG emissions by source sector 
in EU countries during 2020 [16]. It is interesting to note 
that there is a considerable reduction in GHG emissions 
from the year 1990 to 2020 in most sectors except in 
fuel combustion in transport, including international 
aviation as shown in Figure 3(b). The fuel combustion 
in transportation has a significant increase in by 50 
million tonnes of CO2-equivalents (CO2-eq) (+7%) in 
2020 compared with 1990 [17]. 

 Figure 3: (a) The greenhiuse gas emissions by source 
sector in EU countries during 2020 [18]. (b) The 

greenhouse gas emissions by source sector, in EU, 
changes from 1990 to 2020, in million tonnes of CO2 

equivalent and percentage change [17]. 

Recommendations to Reduce Greenhouse Gas 
Emissions

It is important to take a holistic approach to reduce 
carbon footprint. However, the energy sector dominates 
over all other sectors in contributing to global and local 
CFP. Therefore, it is important to take measures to reduce 
emissions from energy sectors including electricity 
generation and transportation. 

There were plans in Sri Lanka to achieve 70% of total 
electricity production from renewable resources by 2030 
and to go for net carbon zero by 2050 [18]. The power 
generation capacity of the country is 4,043 MW in 2022 
and there are plans to increase it to 6,900 MW by 2025 
mainly through utilizing renewable energy sources. Sri 
Lanka is unique in the South Asia in the sense that it 
has achieved 98% grid connectivity to its 22 million 
population. The annual total electricity demand is about 
14,150 GW h and is increasing at a CAGR of 4.9% over 
the next 20 years.   As of now, thermal power (which 
includes coal and fuel oil), hydropower, and other non-
conventional renewable energy sources (solar power and 
wind power) are the three primary sources of energy 
generation. There are plans to add 842 MW of major 
hydro, 215 MW of mini hydro, 1,389 MW of solar, 
1,205 MW of wind, 85 MW of biomass, 425 MW of oil-
based power, 1,500 MW of natural gas, and 2,700 MW 
of coal power into the electricity generation system by 
2037.  Sri Lanka is among the forty three countries that 
are vulnerable to sea-level rise due to increased global 
temperature. Just like other two forty two countries, 
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it is mandatory to commit to 100% renewables by the 
year 2050. The Sri Lanka Institute of Nanotechnology 
(SLINTEC) report on “Renewable Energy-Leveraging 
renewable energy for Sri Lankan advantage” [19] is a 
comprehensive report describing al the possibilities as 
depicted in Figure 4. 

 

Figure 4: Predicted energy generation by source in Sri 
Lanka from 2016 to 2050 [19]. 

Th report highlights emerging technologies such as 
solar window, waste to energy, tidal turbines, biofuels, 
enhanced geothermal system, floating solar arrays, 
concentrated solar power and hydrogen as fuel. 

It is interesting to note that Uruguay is the country that 
generates over 98% of all electricity from renewable 
resources such as wind and hydropower. It is the 

highest electrified countries with 99.9% of homes having 
electricity from their national grid. According to 2021 
statistics, Uruguay generated 14.04 TW of electricity in 
this year from the renewable sources (37% hydropower, 
35% wind, 18% fossil, 7% biomass and 3% solar) which 
is 20% higher than that generated in the year 2020. This 
is higher than their internal demand and the excess has 
been sold to neighbouring countries like Brazil and 
Argentina, earning USD 529 million from electricity 
export. They are also working on developing green 
hydrogen projects [20]. 

Sri Lanka is a country that used wind power in the 
ancient times even before 500 BC. The ancient Sri 
Lankans used monsoon winds to power furnaces in 300 
BC where they produced iron from iron ores. The iron 
nanoparticles used to make super-hard Damascus sward 
have been imported from Sri Lanka [21]. The current 
electricity demand of Sri Lanka is met by nine thermal 
power stations, fifteen large hydroelectric power stations, 
and fifteen wind farms, with a smaller share from small 
hydro facilities and other renewables such as solar [22]. 
Table 2: (a) depicts the installed generation capacity by 
year (in MW) from 2005 to 2018 and (b) shows annual 
generation by year in MW h in Sri Lanka [23]. 

Table 2: (a) The installed generation capacity by year (in MW) from 2005 to 2018 and (b) annual generation by 
year in MW h in Sri Lanka [23].

The Aitken Spence Wind Power Plant at Ambewela, 
which was established in September 2012 is shown in 
Figure 5 (a) By Rehman Abubakr, CC BY-SA 4.0 [24]. 

The wind farm consists of 12 wind turbines of 250 KW 
each, totalling the plant installed capacity to 3 MW. A 
new wind farm project commenced in 2019, in Mannar 
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bay comprises 30 numbers of state-of-the-art wind 
turbines, each rated to 3.45 MW and the total installed 
capacity of this wind farm is 103.5 MW (Figure 5 (b)).  

The project is aiming at exploiting the major monsoonal 
wind systems in Sri Lanka and is expected to generate 
400 GWh of electricity annually [25].

The solar irradiance incident on most parts of Sri Lanka 
exceeds 2000 kWh m-2.  However, harvesting solar 
energy for electricity generation is only 2.3% of the 
total electricity produced which is below the average 
global value of 2.7%. It is, therefore, important to increase 
at least isolated household and industry based solar 
panels to make the domestic and industrial electricity 
requirements self-sufficient. One of the issues of grid 
connection is the inability of manual power balancing 
due to unpredictable nature of solar and wind energies. 
To circumvent this problem, either the national grid 
should be converted to a smart grid or else the electricity 
generated at isolated points should be stored in suitable 
battery packs. We are currently developing zinc/bromine 
flow and gel battery packs aiming to store electricity 
generated from solar panels. 

Apart from electricity generation, another important 
issue is the transportation, that is currently running on 
fossil fuels (98%) with electric vehicles accounting for 

less than 2%. Popularization of electric vehicles is an 
important issue for reducing CO2e. It is interesting to 
note that the VEGA car manufactured by the CodeGen 
International Pvt. Ltd. that is a fully electrical latest 
technology sports car, and electric three-wheeler 
vehicles have been recognized in Sri Lanka and has 
been registered recently [29]. The newswire.lk reports 
that “The Department of Motor Traffic has approved the 
registration of the Vega EVX, Sri Lanka, and South Asia’s 
first fully electric supercar.  The registered license plate 
of the vehicle was handed over to Harsha Subasinghe 
of VEGA Innovations in the presence of the Minister 
of Transportation Bandula Gunawardena. The Vega 
EVX is the first-ever vehicle in history entirely designed 
and engineered in Sri Lanka. This all-electric supercar 
is powered by a dual-motor all-wheel-drive drivetrain 
delivering 804 HP and 720 NM of torque. With a 40-kWh 
battery pack, test drives have confirmed a staggering 0 to 
100 kmph acceleration in 3.1 seconds, an estimated range 

Figure 5: (a) The Aitken Spence Wind Power Plant at Ambewela, which was established in September 2012 and 
(b) new wind farm project commenced in 2019, in Mannar bay comprises 30 numbers of state-of-the-art wind 

turbines, each rated to 3.45 MW and the total installed capacity of this wind farm is 103.5 MW.

Figure (6): (a) Sri Lanka River map [26], (b) the solar irradiance incident on Sri Lanka [27] and (c) two major 
hydroelectricity power stations, namely, Laxapana complex and Mahaweli complex in Sri Lanka [28].
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of 250 km and a top speed of 240 kmph, displaying the 
overall performance of the Vega EVX Supercar. This two-
seater supercar showcases advanced multidisciplinary 
technology applications and a skilfully fabricated 
lightweight carbon fibre body. (Newswire)”. A video of 
the VEGA test run is available in [30].
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Preamble

The Ceylon Petroleum Corporation was set up as a 
state enterprise by Act. No. 28 of 1961 in parliament 
and further amendments carried out subsequently. The 
main objectives of Ceylon Petroleum Corporation are 
the following:

“To carry on business as an importer, exporter, seller, 
supplier and distributor of Petroleum products. To 
carry on business of exploring for the exploiting, 
producing, and refining of Petroleum and to carry on 
any such business as may be incidental or conducive to 
the attainment of the objectives”

Prior to Nationalization of Petroleum industry, the 
entire petroleum business were owned by multinational 
companies like Shell, Mobil, Castrol, Texaco, Esso etc.

1961 Ceylon Petroleum Corporation (CPC) was 
established as a State - owned Enterprise under Act. No. 
28 of 1961. 

1962 CPC commenced fuel business except bunkering 
and aviation fuels which were operating in the country 
at that time.

1964 CPC became the monopoly business to import, 
sell and distribute petroleum products in the country. 

1965 CPC commenced building the first refinery at 
Sapugaskanda.

1968 CPC completed and commence trial operation of 
38,000 BPD refinery 

1969 CPC commenced refinery operations. CPC added 
a lubricant oil blending plant at Kollonnawa. Installation 
and commenced Industrial products business. Also in 
the same year CPC entered into Agro Chemical business 
as a price regulator in the Agro-chemical market.

1971 Bunkering operations and aviation re-fueling 
activities were added to the Corporation’s scope through 
amendments to the CPC Act. 

1978 CPC built a plant for the manufacture of Nylon 6 
yarn for textile, tires and finishing industries

1979 The capacity of the Refinery increased to 50,000 
BPD by increasing the crude distiller capacity in 1979.

1987 A Single Point Buoy Mooring (SPBM) facility 
was installed 9.2 km away from the Colombo Port; 
commissioned together with an intermediate crude oil 
storage tank farm at Orugodawatta. 

1994 Liberalization of import and distribution of 
solvents and lubricants. 

1992 CPC revamped the crude distiller unit to improve 
refinery process flexibility and efficiency 

1995 Rehabilitation of Kollonnawa and Orugodawatta 
Tank Farms which are damaged due to a terrorist attack. 

1999 The storage facilities that were damaged due to 
a fire were reconstructed along with a new delivery 
terminal at Sapugaskanda. CPC improved the capacity 
of the platformer unit which produced blending stock 
for Petrol, in order to increase its ability to produce 
unleaded Petrol. 

2002 Modification done for reduction of the Sulphur 
level in Auto Diesel. Revamping of existing Diesel 
Hydrotreater (04 unit) and conversion of Kerosene 
Hydrotreater (07 unit) into a Diesel Hydrotreater.

2003 Unbundling of CPC activities and formation of 3 
marketing companies and Common User Facility. And 
authorizing LIOC to commence petroleum business in 
Sri Lanka.

In January 2003, Cabinet of Ministers has approved 
following recommendations to be implemented with 
immediate effect.

1. Form Ceylon Petroleum Storage Terminals 
Limited ( CPSTL) by amalgamating Kolonnawa 
Terminal, Bulk Depots, Muthurajawela Terminal, 
Airport terminal and all pipelines  into a single 

Petroleum Industry in Sri Lanka
Achievements, Setbacks and Need for Rethinking

S. K. Cyril Suduwalla
Retired Deputy General Manager, Ceylon Petroleum Corporation

Themed Collection

Themed Collection
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terminal company in which CPC will have initially 
major shares and IOC and other new entrants 
to the market, brought into the company when 
appropriate. CPC will ultimately have only 1/3rd 
ownership.

2. Form CPC into a government owned corporation 
to operate the Refinery, 1/3rd of the retail outlets 
and aviation Services.

3. CPC, IOC and 3rd Player to be selected to compete 
in a level playing field with a strong regulatory 
authority in place. His Excellency the president has 
made a special condition that “as in all cases of such 
restructuring where parties other than the State 
comes into play, a strong and effective regulatory 
authority has to be established, to ensure a level 
playing field for all stakeholders.

In 2003 Storage and Distribution business was handed 
over to the newly formed Common User facility 
company (CPSTL) which would be equally owned by 
CPC, GoSL and LIOC. CPC Commissioned a state 
of the art aviation refueling facility and Fuel Hydrant 
System at the Bandaranaike International Airport. 

2010 Cabinet decided to allocate the 107 filling stations 
and the 1/3 share of the CPSTL that was being reserved 
for a third competitor to CPC.

2011 CPC relocated to a new head office building in 
Colombo 09. Construction works on the Fuel Hydrant 
System under stage-1 at the Hambantota International 
Airport at Mattala began. 

2012 Completed the rerouting/replacement of the 
submarine crude oil pipeline and the pipeline end 
manifold (PLEM) at the Colombo Port, as part of 
the Colombo Port expansion project. Construction 
works on the Aviation Terminal under stage-2 at 
the Hambanthota International Airport at Mattala 
commenced.

In 2016 CPC came to an agreement with Hyrax to 
operate a blending plant in Sri Lanka on a BOT basis. 

2014 An aviation refueling terminal and the Fuel 
Hydrant System at the Hambantota International 
Airport at Mattala was commissioned. CPC’s Aviation 
function managed to obtain “Good” (Above average 
status) status in the annual audit of Joint Inspection 

Group (JIG). CPC introduced 500 ppm fuel specification 
for imports. 

2018 Commencement of development and upgradation 
of the Aviation Refueling Terminal and the Existing 
Fuel Hydrant System, and Installation of a Fuel Hydrant 
System at new Apron-E in par with the Phase Stage 2 
Development Project of the Bandaranaike International 
Airport, Katunayake. 

Setbacks.

1. 1978-Privatization of Nylon-06 plant.

2. 1994- Privatization of highly profitable Lubricant 
business to Caltex

3. Closing down Candle Factory and Cut- back 
Bitumen units.

4. 1995- Separation of Bunkering business and 
Aviation Services

5. 1995- Formation of Lanka Marine Services (Pvt) 
Ltd and subsequent selling    Bunkering business 
to John Keels.

6. 2003- Unbundling of CPC and leasing of China 
Bay tank farm to LIOC.

7. 2006- Total Liberalization of Lubricant market.

8. Failure to form a fully powered Regulatory 
authority as recommended and approved by 
the cabinet, for all petroleum products namely; 
LP Gas, all grades of Petrol. Diesel, Chemical 
Naphtha, Kerosene and Jet A1 fuel, Aviation 
Gasolines, Furnace oil, Bitumen, Lubricants and 
Greases.

9. Unplanned PVC promotions and compensation 
packages to large number of sacked and interdicted 
employees and politically affiliated persons.

10. 10. Failure to carry out very important projects 
like Hydro-cracker, Expansion and Modernization 
of Refinery and implementation and procurement 
of nonproductive equipment and machinery.

Road Map For The Development Of Petroleum 
Industry In Order To Achieve Its Objectives, Vission 
And Mission

(Summary Only)
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Objectives; 

1. To overcome financial difficulties and fuel 
distribution problems.

2. Rethinking corporation in order to convert loss 
making CPC to a profit making entity.

Petroleum Industry should be considered under 
following Strategic Business Units;

1. Corporate Division, Marketing and Distribution, 
Commercial & International trade. (consists of 
Head Office, Legal, Commercial and Aviation & 
Bunkering)

2. Oil Refinery, SPBM, Orugodawatta Tank Farm and 
Sapugaskanda Distribution Terminal as a bonded 
facility. (Crude oil will be provided duty free but 
refined products will be taxed and levied to offset 
any tax losses.)

3. CPSTL (Kolonnawa and Muthurajawela Tank 
farms) will be operated as a bonded facility but 
the regional depots will be operated under CPSTL 
existing procedure.

4. China Bay Tank farm too will be operated as bonded 
facility, LIOC may be requested to maintain at least 
75% of its storage capacity always filled leaving 
only 25% maximum ullage.  

5. Lubricants, Agro Chemicals, Bitumen and any new 
business will be operated as separate SBUs.

6. Oil Exploration activities will be accelerated in 
order to use our own oil and Gas.

7. Refinery will be modernized to process any light 
crude oil from different sources and expanded its 
refining capacity to 100,000 BPSD.

8. LPG production will be increased to 30 MT per 
day.

9. Arrangements will be made to produce bio-ethanol 
and bio diesel in order to blend bio fuel blended 
Petrol and Diesel so as to save 20% of the Fossil 
fuel imports.

Advantageous.

1. CPC will be benefitted by allowing any Refinery 
to store their products in bonded facilities so as to 
purchase refined products at cheaper prices without 

any form of demurrage issues or evaporation and 
transfer losses. (Expected minimum savings to 
CPC will be US$ 24 million at $2.0 per MT).

2. Fuel shortages or long ques for fuels will be totally 
eliminated.

3.  Fuel import bills will not be a burden to CPC. CPC 
can pay as they earned.

4. Government can negotiate with friendly countries 
and allow them to use our storage facilities for the 
storage of refined products on G2G terms.

5. Production of fuel ethanol and bio diesel and 
alternative fuel could save 20% of the oil import 
bill while generating employment and industry 
development. 

General;

1. Refinery will be operated at a minimum profit of 
15% at its full throughput.

2. All redundant and excess employees will be given 
VRS or work from home option.

3. Sri Lanka Customs will be invited to manage CPC 
bonded facilities. 

4. CPC will operate as a profit making government 
entity.

Paris Agreement, Economic Challenges and Potential 
Responses.

Even though the first commercial oil well was dug 
in August,1853, in Pennsylvania, USA, large scale 
consumption of Fossil Fuel commenced during and 
after the world war II. Since then almost all energy 
sources except Coal have been substituted by petroleum 
products. 160 years of this period is known as “Industrial 
Era” 

Excessive usage of Petroleum has ended up with massive 
climate change issues and all world leaders has finally 
decided to done away with Fossil fuels as an energy 
source as per singed Paris Agreement.  

National oil companies (NOCs) are key players in the 
global oil and gas industry—they produce half of the 
world’s oil and gas, and invest 40% of capital into the 
sector. But policy-makers and climate activists alike often 
overlook NOCs’ role in global efforts to address climate 
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change. Omission of NOCs from climate strategies 
will significantly hamper governments’ attempts to 
meet global climate goals, and NOCs—along with the 
countries that depend on their revenues—could be left 
behind.

Political will is crucial. Governments must drive the 
energy transition. This is valid for both producer 
country governments, which should direct their NOCs 
in line with national strategic and political priorities, 
and wealthy consumer country governments, which 
must provide climate finance to enable developing and 
emerging producer countries to overcome the serious 
challenges of transition.

Germany has already in the process of e-Mobility, Japan 
has fully developed motor vehicle to run on water 
(Hydrogen cell concept) and China has declared no 
more financial assistance for Coal power stations, Sri 
Lanka too in the process of shifting towards renewable 
energy.

Nevertheless, fossil fuel demand for the Petro-chemical 
industry will continue to grow except in the fields of 
poly ethylene and Agro chemicals. 

Tunnel vision is deadly. NOCs can’t continue on the 
costly assumption the oil market won’t change. Climate 
advocates must increasingly consider the developmental 
challenges of producer countries and the needs, and 
potential roles, of NOCs.

Economic diversification is the key. Oil- and gas-
producing countries have struggled with diversification 
for decades. Solving this is even more urgent now as 
producer countries must start actively investing in the 
long-term future. New producers should avoid making 
investments from the beginning that lock the country 
into a high-carbon pathway.

No more Petroleum business as usual;

Making incremental reductions in emissions compared 
to a business-as-usual baseline is no longer enough to 
mitigate the effects of climate change. This is because of 
the rapid and fundamental transformation in the way 
we produce and consume energy.

This change creates a challenge for companies whose 
core business is extraction of oil and gas, and especially 
for governments heavily dependent on revenues from 

NOCs. Sri Lanka too should seriously consider investing 
its resources in digging oil wells at this juncture. Oil 
industry was a lucrative business in 20th century but not 
in 21st century.

We made serious mistakes in oil exploration activities 
in Pesale, and offshore oil grilling. Made so many 
mistakes for not modernizing Refinery at right time, 
not installing Hydro cracker at right time. The entire 
world is in the process of developing 4th generation fuel. 
Sri Lanka should not make mistake again by embarking 
3rd Gen fuel business at this bad time. 

Making incremental reductions in emissions is no 
longer enough to mitigate the effects of climate change.

These companies and governments should consider any 
new oil and gas investments in light of the significant 
uncertainty about future demand for their products 
and the economic returns they will generate, as well 
as their impact on climate change targets. Meanwhile, 
the status quo approach in many countries—whereby 
NOCs reinvest most of their oil revenues straight back 
into the sector—poses a growing risk to efforts to move 
away from fossil fuels.

Global oil production would have to decline by 4% every 
year from 2020 to 2030 to be consistent with a 1.5°C 
pathway, according to the Production Gap Report. Yet 
current government plans and projections indicate an 
average 2% annual increase. This raises the question: 
what is the role for NOCs in a world of climate change 
adaptation and declining oil?

From a financial perspective, many investors prefer 
their holdings to focus on one business area: if they want 
more electricity or more renewables, they would make 
those choices themselves. This creates a key tension in 
NOCs’ diversification efforts.

While clean energy is generally profitable, it does 
not create economic gains in the way oil does, which 
raises challenges for the countries’ economic strategies 
and government revenues. The second part of NOCs’ 
mandate could point to a role for NOCs in supplying 
renewable energy domestically. However, while NOCs 
can focus on reducing their costs or operational 
emissions, transitioning to renewable energy requires 
clear direction from their governments and consistent 
development strategies and climate policies, especially 
given the political consequences of lost economic gains.
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The transition will affect different types of NOCs 
variously: high-cost versus low-cost, exporting versus 
importing, gas-focused versus oil-focused. Will it 
be easier for NOCs in new producing countries to 

transition than for established producers? However, 
these producers often lack the financial resources 
needed for such a transition.

S. K. Cyril Suduwella  obtained  BSc (Chemistry Special Honors), MSc ( Analytical Chemistry), PG Diploma in Petroleum 
Technology (Italy). He is a Chartered Chemist and MIChemC. He was Former Head of Laboratory, Technical Services Manager, 
DGM (Administration, Corporate Affairs and Business Development) and acting chairman in CPC. He also served as a Consultant to 
Techno System, Japan, Petroleum and Lubricants consultant to Industrial Technology Institute and Jet Fuel Advisor to SRILANKAN 
airlines and also Petroleum Consultant to Public Utilities Commission of Sri Lanka. He is a Lecturer in Petroleum Chemistry at 
Institute of Chemistry and University of Kelaniya.

Year 2022 – Nation in Crisis

The year 2022 will go down in the Sri Lankan history as 
one of the most “tense” periods in the life of its citizens. 
Shortage of gasoline – petrol, diesel and kerosine and 
domestic gas (LPG) was a direct result of lack of dollars, 
the so called dollar crisis. The huge depreciation of the 
Sri Lankan Rupee (SLR) against the dollar spent most of 
the prices of essential goods and services sky high.  The 
never ending queues for gas and fuel was unprecedented 
with several deaths being reported. 

Many aspects of the operation of the refinery came into 
focus and attention of the nation due to the so called 
fuel crisis that is now part and parcel of history. When 
the fuel crisis was at its height, many questions were 
raised regarding the role of the refinery – why it was not 
fully functional with many workers remaining idle but 
drawing a salary.

It is in this backdrop that we chose the above topic to 
highlight some key aspects of the functions of a refinery 
and its importance in a national context. Unfortunately, 
the interest in the subject matter has now lost its 
momentum with some degree of normalcy prevailing 
as far as fuel is concerned.  Hence, rather than dealing 
with specific details of the refinery process, we decided 
to highlight some general issues to rekindle the memory 
of the discerning reader. However, the authorities 

should not let complacency set in and wait for the next 
crisis to raise its head in order to realize the importance 
and significance of our refinery. 

It was highlighted that a fully functional refinery 
could have mitigated the fuel crisis to a great or lessor 
extent. It remains a mystery as in many other cases of 
mismanagement as to why the refinery was allowed to 
remain idle even as the fuel shortage was increasing by 
the day.  

  

Reference: www/refinery

The pictures shown here are part of a petroleum refinery; 
it is complex and an expensive industrial facility 

Petroleum Industry: is this necessary? 
Refinery and its future: Sri Lankan Experience

1M. R. M. Haniffa and 2S. K. Cyril Suduwella
1Retired Senior Lecturer in Chemistry, The Open University Sri Lanka

2Retired Deputy General Manager, Ceylon Petroleum Corporation
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Separation, Conversion and Treatment are three of the 
main processes associated with a petroleum refining 
industry. In these processes, crude oil is converted to 
hundreds of products including – liquid petroleum 
gas (LPG), gasoline / petrol, kerosene aviation fuel, 
lubricants, diesel to name a few. It also provides the 
feed stock for many other chemicals very much needed 
for a developing country. Petrochemicals include many 
classes of compounds such as olefins, aromatics and 
other derivatives. 

The following are few of the recent headlines doing the 
rounds in the web that may provide an insight into the 
prevailing situation in Sri Lanka:

• Sri Lanka’s Sapugaskanda Oil refinery to run for 40 
days (dated 21st Aug 2022)

• International Oil prices: CPC to temporarily shut 
down refinery 

• Sri Lankan refinery shuts again after further 
payment problem (11th Oct 2022)

• Sapugaskanda refinery closure ignites fuel 
insecurity (7th Aug 2022)

• Sapugaskanda refinery to resume operations on 
16th Dec 2022

What does all these imply from a national perspective? 
Refinery is expected to run 24 hrs x 7 days hours; in 
other words, it is a non-stop process; a must for its 
sustainability and from a cost perspective. However, 
due to various factors, its operation has not been 
continuous causing immense losses, both in terms of 
finances and shortage of fuel. 

Let us not forget some of the well known facts about 
crude oil and its origin. The world prices which keep 
fluctuating regularly would determine many of the 
decisions pertaining to fuel prices of the world over. At 
present, many countries including Sri Lanka depend 
heavily on imported petroleum products including 
fuel. OPEC, the Organization of Petroleum Exporting 
Countries, plays a major role in fixing the prices of 
crude oil in the world market. Many factors of the 
quality of the crude oil would determine the structural 
design and construction of a refinery.  

Role of NSPC (National Secretariat for the 
Professional Practice of Chemistry)

Professional arm of Institute of Chemistry Ceylon

The fact that there is a dire need to utilize our refinery 
to its fullest capacity is well understood. In doing so, 
there are many advantages apart from overcoming 
fuel shortages. At this juncture, we are importing both 
petrol and diesel as our distillation capacity is limited. 

Sri Lanka (SL) is a country that is/was known as the 
pearl of the Indian Ocean. In fact, it was called a 
paradise in the Indian ocean that has now become a 
paradox – contradicting all expectations of a paradise 
– as a result of bad decisions.  In this context, the status 
of fuel and its relevance for a vibrant, functional society 
has to be well understood; the supply chain should not 
be disrupted nor the price allowed to fluctuate in a 
manner that leads to many hardships in different forms 
in all strata of society. 

Process of Refining crude oil is a subject that is very 
much part and parcel of chemists and those who study 
chemistry in general. Role of Chemists in this regard is 
very obvious and is within the scope of NSPC– to be 
part of setting the standards for the entire process of 
involving the refinery – may be from start (purchase 
and storage of crude) to finish (storage, transport, sale 
of fuel) to overcome the failure of the governments in 
power over the years.

The Ceylon Petroleum Corporation (CPC)

The following is an excerpt / a brief account of the 
development of CPC

The Ceylon Petroleum Corporation (CPC) was set up 
as a state enterprise by Act. No. 28 of 1961 in parliament 
and further amendments carried out subsequently. The 
main objectives of Ceylon Petroleum Corporation are 
the following:

“To carry on business as an importer, exporter, seller, 
supplier and distributor of Petroleum products. To 
carry on business of exploring for the exploiting, 
producing, and refining of Petroleum and to carry on 
any such business as may be incidental or conducive to 
the attainment of the objectives” In this regard, a few of 
the important dates are listed below giving an insight 
into the progress made over the years.
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1965 CPC commenced building the first refinery at 
Sapugaskanda.

1968 CPC completed and commenced trial operation 
of the 38,000 BPD refinery (BPD – barrels per day)

1969 CPC commenced refinery operations. CPC added 
a lubricant oil blending plant at Kollonnawa Installation 
and commenced Industrial products business. Also, in 
the same year CPC entered into Agro Chemical business 
as a price regulator in the Agro-chemical market.

1971 Bunkering operations and aviation re-fueling 
activities were added to the Corporation’s scope through 
amendments to the CPC Act. 

1978 CPC built a plant for the manufacture of Nylon 6 
yarn for textile, tires and finishing industries

1979 The capacity of the Refinery increased to 50,000 
BPD by increasing the crude distiller

What has been stated above gives a brief account of the 
history behind the development of the refinery up to 
1979.  

Many of the operational details and the complex nature 
of its function are beyond the scope of this article.  There 
are many references including websites that would give 
all relevant information regarding a refinery and related 
processes.

Role of the Scientific Professionals

Imagine a situation where there is no fuel!! Life will 
come to a standstill and the situation will be beyond 
once imagination. Also, let us assume that our refinery 
is working to its maximum capacity (24 x 7). Maybe 

it is somewhat hypothetical.  However, as scientists, it 
is our duty to look at the ideal situation and propose 
how we can transform the ground / real situation and 
move towards the ideal. The professional arm of the 
ICHEMC, namely, NSPC could play a major role in 
an advisory capacity to ensure the optimum use of the 
refinery and perhaps find ways and means to increase 
the capacity to meet all our fuel requirements. 

One need not over emphasize the impact of cost of 
energy – fuel, electricity charges, transport to name a 
few – on the cost of living.  SL is experiencing this in 
a big way and are, in fact, feeling the “heat” as it were 
at this very moment.  Mismanagement of this sector 
has exacerbated the whole issue to unimaginable 
proportions; state of bankruptcy was officially declared, 
thus defaulting on the loans taken as the ultimate 
“solution” to this predicament. 

Quote from the late President of USA

Let me wind up with the following quote, quite apt 
and with a very broad meaning relevant to all rulers in 
general. 

Ask not what your country can do for you but, what you 
can do for your country                                         

- John F. Kennedy

Do you know any Sri Lankan in the horizon who fits 
the bill in this respect? Certainly, there are many in the 
opposite sense. In fact, the current status of the country 
(crisis of all kinds including fuel shortages) could be 
attributed to the lack of long term policies and direction 
in this regard; in other words, they are “man made”. 

S. K. Cyril Suduwella  obtained  BSc (Chemistry Special Honors), MSc ( Analytical Chemistry), PG Diploma in Petroleum 
Technology (Italy). He is a Chartered Chemist and MIChemC. He was Former Head of Laboratory, Technical Services Manager, 
DGM (Administration, Corporate Affairs and Business Development) and acting chairman in CPC. He also served as a Consultant to 
Techno System, Japan, Petroleum and Lubricants consultant to Industrial Technology Institute and Jet Fuel Advisor to SRILANKAN 
airlines and also Petroleum Consultant to Public Utilities Commission of Sri Lanka. He is a Lecturer in Petroleum Chemistry at 
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M. R. M. Haniffa is a retired Senior Lecturer in Chemistry, Open University of Sri Lanka and, a Chartered Chemist and Fellow 
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Introduction

Global Warming

Global warming is the long-term warming of the Earth's 
surface observed since the pre-industrial era (between 
1850 and 1900) due to human activities, primarily the 
burning of fossil fuels, increase the levels of greenhouse 
gases (GHGs) in the Earth's atmosphere that trap 
heat. Burning of fossil fuels for energy electricity, heat, 
industry, and transport; Deforestation; excessive use of 
chemical fertilizers; and industrial animal products all 
increase the concentration of greenhouse gases in the 
atmosphere.

Greenhouse gas concentrations in the atmosphere 
fluctuated slightly over millions of years before the 
industrial revolution. When humans began extracting 
and burning fossil fuels on a large scale, problems 
arose in releasing unprecedented amounts of CO2 into 
the atmosphere. CO2 concentrations have increased 
by about 50 percent since the industrial revolution. 
CO2 is produced as a by-product from combustion 
processes that provide the major share of the energy 
production, driving our technical development and 
economic growth. “The energy sector is the source of 
around three-quarters of harmful global greenhouse 
gas emissions (WMO)”. Data available at “Our World in 
Data” also proven that energy sector contributes nearly 
75% from the total GHG emission. Following are the 
Global GHG emission by different sectors.

• Energy (electricity, heat and transport): 73.2%

• Direct Industrial Processes: 5.2%

• Waste: 3.2%

• Agriculture, Forestry and Land Use: 18.4%

Working Group III of Intergovernmental Panel on 
Climate Change (AR6) (IPCC AR6 WGIII), stated that, 
global net anthropogenic GHG emissions were 59 ± 6.6 
GtCO2-eq in 2019, about 12% (6.5 GtCO2-eq) higher 
than in 2010 and 54% (21 GtCO2-eq) higher than in 
1990. The annual average during the decade 2010–2019 

was 56 ± 6.0 GtCO2-eq, 9.1 GtCO2-eq yr–1 higher than 
in 2000–2009. This is the highest increase in average 
decadal emissions on record. The average annual rate of 
growth slowed from 2.1% yr–1 between 2000 and 2009 
to 1.3% yr–1 between 2010 and 2019 (high confidence).

IPCC AR6 WGIII, report also expressed that, in 
2019, approximately 34% (20 GtCO2-eq) of total net 
anthropogenic GHG emissions came from the energy 
supply sector, 24% (14 GtCO2-eq) from industry, 22% 
(13 GtCO2-eq) from agriculture, forestry and other land 
use (AFOLU), 15% (8.7 GtCO2-eq) from transport and 
6% (3.3 GtCO2-eq) from buildings. If emissions from 
electricity and heat production are attributed to the 
sectors that use the final energy, 90% of these indirect 
emissions are allocated to the industry and buildings 
sectors, increasing their relative GHG emissions shares 
from 24% to 34%, and from 6% to 16%, respectively. 
After reallocating emissions from electricity and heat 
production, the energy supply sector accounts for 12% 
of global net anthropogenic GHG emissions (high 
confidence). 

Emission of GHG and Global Warming 

The greenhouse effect is a process that occurs when 
gases in Earth's atmosphere trap the Sun's heat by 
Greenhouse Gases. This process makes earth much 
warmer than it would be and it is called global warming. 

Since the pre-industrial period, human activities are 
estimated to have increased Earth’s global average 
temperature and according to Fifth Assessment Report 
on Inter Governmental Panel on Climate Change 
(IPCC AR5), the global temperature has increased by 
0.850 (0.650-1.060) C for the period 1850-2012.  Recent 
report, AR6 of IPCC indicated that each of the last four 
decades has been successively warmer than any decade 
that preceded it since 1850. IPCC AR6 pointed out that, 
global surface temperature in the first two decades of 
the 21st century (2001-2020) was 0.99 [0.84- 1.10] °C 
higher than 1850-1900. Global surface temperature 
was 1.09 [0.95 to 1.20] °C higher in 2011– 2020 than 

Global Warming, Climate Change, Energy and Mitigation
K. H. M. S. Premalal

Retired Director General of Meteorology
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1850–1900, with larger increases over land (1.59 [1.34 
to 1.83] °C) than over the ocean (0.88 [0.68 to 1.01] °C). 
The current warming trend is unequivocally the result 
of human activity since the 1950s and is proceeding at 
an unprecedented rate over millennia (IPCC AR5).

Global Warming and Climate Change

Climate change is a long-term change in the average 
weather patterns that have come to define Earth’s local, 
regional and global climates. These changes have a 
broad range of observed effects that are synonymous 
with the term. The terms “global warming” and “climate 
change” are sometimes used interchangeably, but 
"global warming" is only one aspect of climate change 
(NASA). 

Warming Trend in Sri Lanka

Recent climate analysis in Sri Lanka indicates an 
increasing trend in both maximum and minimum 
temperature with higher increasing trend in minimum 
temperature leading to decreasing trend in Diurnal 
Temperature Change (DTR) (Shiromani et.al., 2018). 
Temperature increase in Sri Lanka is almost similar 
to the global trend and the increasing trend is nearly 
1.00 C for the last hundred years. With the increase 
of temperature, extreme climatic conditions (extreme 
weather includes unexpected, unusual, unpredictable 
severe or unseasonal weather; weather at the extremes 
of the historical distribution—the range that has been 
seen in the past) related to temperature and rainfall 
with high seasonal variability have been established in 
Sri Lanka.

Observed Rainfall trends in Sri Lanka

Previous studies indicated that no clear pattern or 
trend was observed in long term rainfall. Some studies 
identified that average rainfall is showing a decreasing 
trend while Nissanka et.al. 2011, observed that annual 
rainfall trend for the period 1961-2010 did not indicate 
significant trend. Analyzing fluctuations in rainfall 
associated with the four climatic seasons using rainfall 
data for nearly 130 years (1870-2000) 15 rainfall 
stations, Malmgren et al in2003 identified that decrease 
of rainfall in higher elevation areas and increase of 

rainfall in lowlands in the southwestern sector of Sri 
Lanka during southwest monsoon season. According to 
Shiromani et.al, 2018, the annual total precipitation has 
indicated a significant increasing trend during 1980-
2015 and  65% of stations show significant increasing 
trend in annual total rainfall for the period 1980 to 
2015. 

It is clear that long-term rainfall trends show different 
patterns for different periods. It indicates the variability 
of rainfall rather than negative or positive trend.  
Recent analysis of rainfall variability pointed out that, 
it has increased, and the variability is high in the dry 
zone (Premalal, 2010). The high variability of rainfall 
explains the improper rainfall pattern and also more 
floods and more droughts. 

A changing climate leads to changes in the frequency, 
intensity, spatial extent, duration, and timing of weather 
and climate extremes, and can result in unprecedented 
extremes increasing exposure of people and economic 
assets has been the major cause of long-term increases 
in economic losses from climate related disasters (IPCC 
SREX 2012).

Mitigation of Climate Change

The world will not be able cope with climate change 
without a global energy transition. The burning of fossil 
fuels for power generation is the single most important 
cause for global warming and climate change. At the 
same time, however, energy is the key foundation for 
economic and social development. A sustainable and 
needs-based energy supply for all must therefore be 
climate-neutral.

Reduction of emission of GHG is one of the important 
part to minimize the global warming. These emissions 
must be reduced dramatically, which can only be 
achieved by phasing out of fossil fuels. At the same 
time, developing and emerging countries need more 
and more energy. Primary energy demand worldwide 
could grow by one third by 2040. The energy sector is 
facing two challenges that have to be resolved by the 
middle of this century.

The United Nations Framework Convention on Climate 
Change (UNFCCC) was established at the United 
Nations Convention on Environment and Development 
with the purpose of uniting countries within the UN 
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to combat climate change via reduction in greenhouse 
gas emissions. The signatories of the UNFCCC meet 
annually at the Conference of the Parties (COP) to 
confer on further reductions of emissions and increase 
environmental protection. Through the UNFCCC there 
have been two agreements signed by nations in the UN 
to formally declare emission reduction goals. These are 
the Kyoto Protocol (1997) and the Paris Agreement 
(2015) (Care About Climate).

The Paris Agreement includes commitments from all 
countries to reduce their emissions and work together 
to adapt to the impacts of climate change and calls on 
countries to strengthen their commitments over time. 
The Agreement provides a pathway for developed 
nations to assist developing nations in their climate 
mitigation and adaptation efforts while creating 
a framework for the transparent monitoring and 
reporting of countries’ climate goals.

The Paris Agreement provides a durable framework 
guiding the global effort for decades to come. It 
marks the beginning of a shift towards a net-zero 
emissions world. Implementation of the Agreement is 
also essential for the achievement of the Sustainable 
Development Goals.

How does it work?

The Paris Agreement works on a five- year cycle of 
increasingly ambitious climate action carried out by 
countries. Every five years, each country is expected to 
submit an updated national climate action plan - known 
as Nationally Determined Contribution, or NDC.

In their NDCs, countries communicate actions they 
will take to reduce their greenhouse gas emissions 
in order to reach the goals of the Paris Agreement. 
Countries also communicate in the NDCs actions they 
will take to build resilience to adapt to the impacts of 
rising temperatures.

To better frame the efforts towards the long-term goal, 
the Paris Agreement invites countries to formulate and 
submit long-term strategies. Unlike NDCs, they are not 
mandatory.

The operational details for the practical implementation 
of the Paris Agreement were agreed on at the UN 
Climate Change Conference (COP24) in Katowice, 
Poland, in December 2018, in what is colloquially called 
the Paris Rulebook, and finalized at COP26 in Glasgow, 
Scotland, in November 2021.

How Sri Lanka Contributes to mitigate GHG 
emission?

Sri Lanka is a low carbon emitting country with per 
capita emissions of around 1.02 tons/per person, and 
its development pathway has remained low-carbon-
intensive. A recent analysis of the interplay between 
per capita emissions and human development, picks 
out Sri Lanka as a rare example of a country that has 
achieved both high human development and managed 
to keep CO2 emissions well below the long-term average 
needed to contain global warming targets of the Paris 
Agreement.

Despite the low carbon footprint and high vulnerability 
to climate change, Sri Lanka commits to reducing its 
GHG emissions. In these NDCs, the country presents 
an enhanced ambition which include 4% unconditional 
and 10.5% conditional emission reduction 
commitments with respective to Business-As-Usual 
(BAU) scenario. This document is organized sector-
wise detailing Sri Lanka’s climate change mitigation 
commitments and adaptation needs, loss and damage, 
and means of implementation. It sets out the process 

Kyoto Protocol Paris Agreement
Created in 1997 and 
ratified in 2005. Had 
two periods from 1997-
2020

Signed in November of 
2016. New commitments 
are due every 5 years

Legally binding 
agreement to decrease 
GHG

Not legally binding 
commitment to reduce 
emissions, increase 
accountability

Original commitment 
to decrease overall 
emissions by 5% from 
1990 levels

Overall goal to limit 
global temperatures to 
1.5 degrees Celsius above 
pre-industrial levels

Only required 
developed nations to 
reduce emissions

Asked all nations to 
reduce emmissions

Targets are set but no 
determined time frame

New set of targets 
declared after 5 years 
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and institutional architecture for implementation; and 
discusses the critical need for external support with 
financial, technology transfer and capacity development 
provision to fully realize these commitments. With such 
timely support, Sri Lanka is positioned to demonstrate 
a development pathway that successfully de-couples 
human development and economic prosperity from 
carbon-intensive consumption and production.

Despite this low carbon footprint and highly vulnerable 
status, Sri Lanka commits to increase 32% forest cover 
by 2030 and reduce greenhouse emissions by 14.5% 
for the period of 2021-2030 from Power (electricity 
generation), Transport, Industry, Waste, Forestry, and 
Agriculture in order to realize this ambitious target, Sri 
Lanka further commits; 

• To achieve 70% renewable energy in electricity 
generation by 2030 

• To achieve Carbon Neutrality by 2050 in electricity 
generation 

• No capacity addition of Coal power plants Sri 
Lanka has already launched following major 
initiatives. 

• Adopting ‘Colombo Declaration on Sustainable 
Nitrogen Management’ with an ambition to halve 
nitrogen waste by 2030 

• Banning agro-chemicals and chemical fertilizer 

• Promoting organic fertilizer and farming 

• Banning single-use plastics 

• Promoting E-mobility 

• Promoting circular economy 

• Sri Lanka expects to achieve its Carbon Neutrality 
by 2060
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In the light of recent events, Sri Lanka has turned its 
focus on alternative electricity sources as the existing 
power sources such as hydro, fossil fuel and biomass 
systems have proved insufficient to accommodate the 
increasing electricity demand in the country. Hence, 
Sri Lanka may consider adopting nuclear power as an 
effective solution for the future power crisis. 

Nuclear power generates electricity using nuclear fuel 
as the power generation source.  Even though nuclear 
power generates electricity in a similar mechanism to 
thermal power, it does not involve any fuel burning. 

Fission reactions

Fissionable uranium, that is 235U isotope, which is 
the most popular nuclear fuel, can produce very high 
thermal energy when it undergoes fission reactions 
with neutrons in a nuclear reactor. In fission reactions, 
235U splits into two smaller elements and neutrons as 
given in the following few examples.

235 1 141 92 1
92 0 0
235 1 137 92 1
92 0 0
235 1 1461 87 1
92 0 0
235 1 144 90 1
92 0 0
235 1 137 97 1
92 0 0

3

3

3

2

2

U n Ba Kr n

U n Cs Rb n

U n La Br n

U n Xe Sr n

U n Te Zr n

+ → + +

+ → + +

+ → + +

+ → + +

+ → + +

As given in the above examples of fission reactions, 
neutrons continuously get regenerated from the fission 
reactions itself and therefore only the initial neutron 
supply is sufficient to maintain fission reactions in 

a nuclear fuel reactor. Each fission reaction heat 
is generated as a biproduct. With millions of such 
reactions can undergo in a nuclear reactor that would 
lead to generate massive heat energy.

The heat generated from these fission reactions is 
transferred to the reactor fluid inside the reactor. This 
absorbed heat by the reactor fluid is then converted to 
steam that drives to operate the steam turbines, like any 
other thermal power station.

Fusion reaction

Alternative to fission reactions nuclear energy can be 
produced using fusion reactions. However, fusion 
reactions are still under experimental state. In fusion 
reactions two or more smaller mass elements fused 
together produces larger element.

2 3 4 1
1 1 2 0H H He n+ → +

Unlike fission reactions, fusion reactions produce no 
radioactive by products. However, fusion reaction to 
initiate need the particles to be energized to overcome 
the Coulombic barrier. This occurs only when the 
reactants are in plasma state at very high temperature 
as 15 000 000 K. Naturally fusion reactions occur in 
stars under such high temperature.  Even though this 
sounds quite unrealistic to have such vigorous reaction 
under laboratory conditions, scientists are successfully 
experimenting on nuclear fusion. One good example 
was the recent breakthrough showcased from US 
National Ignition Facility in California demonstrating 
fusion reactions exceeding high powered lasers under 
laboratory conditions.

Can Nuclear Power be Adopted to Sri Lanka 
as a Solution to the Energy Crisis?

Manjula Lamabadusooriya
Head, Department of Nuclear Science, University of Colombo
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Advantages of nuclear power as energy source

According to US Energy Information Administration, 
nuclear power has 92% capacity factor which is the 
highest of all the other main power generation sources. 
It is more than twice of the capacity factors of coal power 
and hydropower having 40% and 41.5% capacity factors 
respectively. Nuclear fuel needs to refueling only in 1.5 
to 2 years, unlike power generation using fossil fuel 
which needs continuous supply of fuel. Even though 
fossil fuels are predicted to be running out in next 30 
years, nuclear fuel is available on earth for more than 
70 years. Furthermore, nuclear power has the advantage 
of regenerating the used fuel so that it does not need to 
rely on fresh nuclear fuel. 

Most important advantage of nuclear power is that it is 
a green energy source. Compared to fossil fuel burning, 
nuclear power has no contribution to green house gas 
effect and air pollution since the heat energy produce 
only via fission reactions. Replacing nuclear power from 
fossil fuel can indirectly save many deaths of humans, 
animals and plants. 

Can we adopt nuclear power to Sri Lanka?

There are 19 aspects in which International Atomic 
Energy Authority (IAEA) listed on initiating nuclear 
power in a country. A pre-feasibility study has been 
carried out on launching a nuclear power plant in 

Sri Lanka considering few selected topics namely: 
National position, Environmental Protection, Site and 
supporting facilities, Nuclear fuel and radioactive waste 
management, Human resource development, Nuclear 
safety, Nuclear Security, Radiation protection.

Aspects related to above topics are discussed in the 
following sections. 

National Position

Cabinet approval is required for adopting nuclear 
power to Sri Lanka under the Ministry of Power and 
Renewable Energy with the assistance of International 
Atomic Energy Authority (IAEA). Furthermore, Sri 
Lanka Atomic Energy Board (SLAEB) has carried out 
phase 1 of IAEA’s Integrated Nuclear Infrastructure 
Review (INIR) in 2021 where they have engaged with 
the relevant stakeholders in a potential nuclear power 
plant project (Atomic Energy Board of Sri Lanka, 2022).

In 2019 United States Energy Information 
Administration (USEIA) carried out a study on the 
capital cost and performance of new utility-scale 
electric power generating technologies (U.S. Energy 
Information Administration, 2020). The performance 
specifications and cost estimations of nuclear power 
technology compared to other power generating 
technologies according to this study, are summarized 
in Table 1.

Table 1: Performance specifications and cost estimation of coal and nuclear power generation technologies 
(Source: United State Energy Information Administration) (Btu: British thermal units) 
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Table 2 compares the summarized economic profiles 
of coal power and nuclear power technologies. These 
data were analyzed by a postgraduate student for the 
thesis submitted for a MSc degree at the Department 
of Nuclear Science, University of Colombo (Jayakody, 
2018). 

Table 2: Summarized economic profile of Power 
generation technologies 

*Profit is calculated assuming an annual unit selling 
price of Rs15/kWh

According to the data given in Table 1 and 2, the high 
capital cost will be the main obstacle for Sri Lanka 
to initiate a nuclear power plant. Yet in the long run, 
nuclear power plant operation will yield a remarkable 
net profit, with regard to low operational cost, zero 
carbon emission, low annual unit generation cost and 
life span, compared to coal power technologies.

Environmental Protection

The construction of the nuclear power plant will alter 
the land use at the proximity of the plant site and its 
surroundings. Agricultural and residential areas near to 
the power plant must be removed for safety purposes. 
If the power plant is planned to be constructed close 
to a coastal area, then a significant region along the 
coast has to be named as a restricted area for fishing, 
marine activities and tourism. In addition, the high-
tension power line that is directed away from the plant 
will restrict land use on a strip 80–100 meters wide 
depending on the column type. Trees cannot be grown 
or maintained and buildings or other structures taller 
than 2 meters cannot be built in the immediate vicinity 
of the power line.

Decommissioning of a nuclear power plant is an 
administrative and technical process. It comprises 
removal of radioactivity residuals and progressive 
demolition of the plant. Once a nuclear power plant 
facility is fully decommissioned any sort of danger 
related to radioactivity should not persist. The costs of 
decommissioning are to be spread over the lifetime of 
a facility and saved in a decommissioning fund. After a 
facility has been completely decommissioned the power 
plant premises must be able to be used as a usual land.

Most of the commercial nuclear power plants use a 
water based recirculating cooling system to condense 
the steam. In general, nuclear power plants operate 
at lower temperatures and lower turbine efficiency. 
Hence, nuclear plants extract and consume more water 
per unit of electricity produced than coal plants that 
use similar cooling technologies. Apart from energy 
transfer and steam condensation, nuclear power plants 
use water to keep the reactor core and fuel rods cool. 
Water produced from the condensed steam is reused 
in the generation process. However, the water used for 
cooling is discharged back into the lake, river or ocean. 
According to the Sri Lankan government standards the 
temperature of the water discharge into marine coastal 
areas must be below 45 0C at the point of discharge. If 
the nuclear power option is adopted by the country a 
proper mechanism must be implemented to meet this 
water discharging standard.

During its operational status nuclear power plants have 
not had any significant impact on flora and fauna. The 
damage occurs only in an event of a major accident 
and the destruction it brings on the plants and animals 
in such an event is severe and unrecoverable. Disaster 
areas such as Fukushima in Japan and the Chernobyl 
in the USSR show some of these effects on animals and 
plants. 

Site and Supporting Facilities

When seeking a site for a nuclear power plant, 
authorities inevitably face the challenge of balancing 
the engineering and economic factors. The reason is, 
a nuclear power plant facility requires a larger land 
site compared to the other conventional thermal 
power plants in order to minimize the radioactive 
risk. According to the international security and safety 
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standards of a nuclear plant, a safety buffer zone that 
is defined based on the capacity of the reactor must be 
established around the power plant in order minimize 
potential radiation hazards for the close residential 
areas in the event of major accident. This claims more 
compensation and hence increases the initial cost of the 
power plant installation. The other factors to consider 
for a nuclear power plant site are water sources, distance 
to the national power grid, road network, population 
distribution, seismicity, geology, meteorology, other 
environmental features such as Tsunami, flood, 
cyclone. Nuclear power plant should be located with 
easy access to water sources and main road network, 
close proximity to substations of electric grids and with 
less population density (Jayakody, 2018). 

Fuel cycle and radioactive waste management

According to international nuclear waste disposal 
concepts, a country can adopt the following two 
disposal methods suitably. They are; near-surface 
disposal method for short-lived low level radioactive 
waste and deep geological disposal method for long-
lived high-level radioactive waste. Since Sri Lanka is 
small in land mass it is very difficult to find a proper 
site for nuclear waste disposal. In addition, the potential 
to harm from nuclear waste to ground water sources 
has to be minimized when selecting a nuclear waste 
dumping site. The concept of a mountain nuclear waste 
repository is being put into practice by some countries. 
Eg USA is examining the possibilities of using the 
Yucca Mountain site in Nevada as its first national 
Mountain nuclear waste repository site. Nevertheless, a 
substantial capital has to be spent on developing such 
disposal grounds and auxiliary facilities (Hanks et al., 
n.d.) . In Europe, a concept has been put forward to 
place the nuclear waste in high integrity steel containers 
and then store in excavated tunnels 230 metres deep 
within a ductile clay (Storage and Disposal Options for 
Radioactive Waste, 2021). 

IAEA suggests that there should be policies and 
strategies of nuclear waste management produced 
due to used fuel and other nuclear waste considering 
the national situation in terms of legal framework, 
technical and organizational structure (International 
Atomic Energy Agency, 2016).  

Choice of the nuclear reactors

Pressurized Water Reactor (PWR) models being the 
most popular nuclear reactors all around the world are 
available with different types, namely VVER (Water-
water energetic reactor), APR-1000, CPR -1000 and 
AP 1000. An Extensive feasibility study should be 
carried out on choosing the most feasible reactor in 
the Sri Lankan context. Based on the reactor safety 
goals, previous operational experiences and the 
reliability VVER1000 model and AP-1000 model can be 
recommended as suitable reactor models for Sri Lanka. 
In making this recommendation the priority should 
be given to the technological features of the reactors. 
The power output of VVER models ranges from 70 to 
1700 MW. AP-1000 is also an 1100 MW class PWR 
technology-based reactor which has been developed 
utilizing the technology of AP600 design.

Small Modular Reactors (SMR) is another technology 
which can be incorporated to Sri Lankan national grid 
as an alternative power source. SMRs are nuclear power 
plants that are smaller in size (700 MW or even less 
than 300 MW) than most current generation base load 
plants (1,000 MW or higher). These smaller designs can 
be transported by truck or rail to a nuclear power site. 
SMRs are being developed to provide a flexible, cost-
effective energy for various applications. 

Human Resources Development

At present, two official government bodies have 
been established to promote and regulate Nuclear 
Technology related works in Sri Lanka. They are the Sri 
Lanka Atomic Energy Board (SLAEB) and Sri Lanka 
Atomic Energy Regulatory council (SLAERC). SLAEB 
has the responsibility of facilitating the utilization of 
nuclear technology for national development in the 
country and providing radiation protection services for 
regulating the practices of ionizing radiations. SLAERC 
has the responsibility for regulating practices involving 
ionizing radiation, the safety and Non- Proliferation 
of nuclear weapons and the safeguards. In its current 
operation, SLAEB and SLAERC are in the process of 
developing human resources related to fields such as  

1. Nuclear safety and security by enhancing detection 
capabilities and developing knowledgeable and 
skillful personnel; public awareness of radiation 
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protection by conducting workshops and awareness 
programs. 

2. Environmental Protection by collecting and 
analyzing the data on baseline environmental 
radioactivity. In parallel human resource and 
measuring techniques related to environmental 
protection can be developed. 

3. Emergency planning by developing measuring 
techniques and training emergency response 
teams and personnel for field measurements. The 
Nuclear Disaster Early Warning System has been 
maintained since 2012.

4. Formulation of national policies and strategies on 
protection against ionizing radiation, on the safety 
and security of sources and nuclear and other 
radioactive material and on radioactive waste 
management. (Source: Ministry of Power and 
renewable energy, Reports of performance 2017 
and programs for 2018)

Furthermore, special attention must be paid on 
developing the human resources that are directly linked 
with the nuclear power plants. Training and degree 
programs must be launched in universities to train such 
personnel.

Awareness and acceptance of the general public on 
nuclear energy is vital for launching a nuclear power 
project in a country. The favorability for nuclear power 
among the majority of the people in Sri Lanka is still at 
a very low level. Long before launching nuclear power 
projects, the Government and the authorized institutes 
must initiate a strong public campaign to increase the 
awareness about nuclear power and its benefits. 

Nuclear safety, nuclear security and radiation 
protection

Nuclear safety is the achievement of proper operating 
conditions, prevention of accidents or mitigation 
of accident consequences, resulting in protection of 
workers, the public and the environment from undue 
radiation hazards. Nuclear security is the prevention and 
detection in response to theft, sabotage, unauthorized 
access, illegal transfer or other malicious acts involving 
nuclear material, other radioactive substances or their 

associated facilities. Radiation protection refers to the 
protection of people from harmful effects of exposure to 
ionizing radiation, and the means for achieving radiation 
protection. In any nuclear based industries including 
nuclear power plants, nuclear safety, nuclear security 
and radiation protection are essential components and 
these 3 aspects are mostly interconnected. 

The key aspects of the safety approaches, that should 
be adopted are: prevention; monitoring; action that 
include physical barriers between the radioactive 
reactor core and the environment; setting up of multiple 
safety systems each with backup systems to minimize 
human error; high-quality design, construction and 
equipment that prevent operational disturbances or 
human failures; constant monitoring and regular testing 
to detect equipment or operator failures and utilization 
of diverse systems to control damage to the fuel and 
prevent significant radioactive releases (International 
Atomic Energy Authority, 1996; International Atomic 
Energy Authority, 1999; Jayakumar, 2016)

When implementing a nuclear power generation 
facility in Sri Lanka special attention must be paid to the 
available safety features of the nuclear technology when 
selecting the suitable reactor type. Nuclear technology 
that incorporates more passive safety features can 
ensure higher responsiveness for emergency situations 
with a less external intervention. Special attention must 
be given when choosing materials for the components of 
reactor vessel and containment building. The feasibility 
for decontamination of the components also must be 
taken into consideration.

In terms of nuclear security, it is necessary to maintain 
a strong national level legislative and regulatory 
framework in compliance with the international 
legal instruments. An efficient security system must 
have the capacity of handling issues relating to theft, 
sabotage, unauthorized access and illegal transfer or 
other malicious acts involving nuclear fuel and other 
radioactive by-products of a power plant.

Radiation Safety Measures

Nuclear power plants use fissile materials to produce 
energy and as a by-product of this process, ionizing 
radiation is released in abundance. Safety barriers 
should be available in the nuclear power plant to protect 
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radiation workers from being exposed to hazardous 
radiations that cause microscopic damages to living 
tissues. In an event of nuclear accident and radiation 
leakage, workers are vulnerable to get exposed to heavy 
doses of such radiations. At high exposures, skin burns 
and radiation sickness, known as deterministic effects 
can occur. The fundamental countermeasures that 
reduce the exposure from external radiation doses 
are; increasing the distance from the radiation source, 
limiting the time of exposure and using radiation 
shielding.

In general, a monitoring system is used in nuclear 
power plants to determine the radiation exposure 
of individual staff members. This system includes 
internal and external monitoring methods. External 
monitoring methods are used to prevent hazardous 
situations like inhalation of radioactive materials in 
air and contamination of foodstuff and drinking water 
which may occur due to radiation leakage inside the 
nuclear power plant. Internal monitoring methods 
such as whole-body count and urine count are used to 
determine the level of radioactive materials deposited 
inside the body.

Recommendations of improving radiation safety 
measures

In anticipation of adopting nuclear power generation 
in the country, several issues have to be addressed in 
relation to radiation protection. Some of the suggestions 
which can resolve such issues are given below:

1. Atomic Energy Act 40 of 2014 has no provision 
to develop regulations for nuclear power plants 
or fuel cycle. Amendment to the act and nuclear 
power regulations should be established once the 
Government takes a decision to adopt nuclear 
power generation. 

2. Sri Lanka lacks expert personnel in the field of 
radiation protection measures of a nuclear power 
plant. Hence, human resources must be developed 
by providing foreign training opportunities. 

3. Degree programs in radiation protection and 
nuclear engineering up to post-graduate level must 
be initiated in local Universities. 

4. Laboratory and research facilities related to 
radiation protection must be enhanced. 

5. Job-oriented training and workshops for radiation 
workers, response teams, rescue teams and border 
security must be organized in collaboration with 
foreign institutes. 

6. Appropriate ways and means to improve public 
awareness must be developed. 

7. Number of monitoring stations should be increased 
when adopting the nuclear power option to the 
country

Many countries across the globe have started shifting 
to alternative power sources due to the   scarcity of 
conventional fossil fuel. As for Sri Lanka, the cost for 
fossil fuel has already become unbearable and we could 
only assume that the problem would worsen if the prices 
escalated. The available renewable energy sources such 
as wind, solar and biomass also have limitations and are 
economically non-viable as standalone energy sources. 
Nuclear Power has the potential to be a feasible and 
sustainable solution in overcoming the energy crisis of 
Sri Lanka. Therefore,  it is advisable that professionals 
and authorities spend more time and effort on 
implementing a nuclear power plant in Sri Lanka.
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The Cabinet of Sri Lanka (Decision dated July 27, 2021) 
approved the commitment of achieving 70% renewable 
energy in electricity generation by 2030 made under 
Nationally Determined Contributions (NDC) to 
the United Nations Convention on Climate Change. 
Achieving this target leads to operating our power 
system entirely by renewable energy sources, including 
1608 MW of large hydro power plants (saturated from 
2025 onwards) and about 400 MW of small hydro 
power plants, in some periods of the year. This article 
discusses the practical and pragmatic approach towards 
integrating a high proportion of renewable energy into 
our national network.

What are renewable energy sources?

Renewable energy sources are inexhaustible energy 
sources that do not produce Green House Gasses. 

Established technologies include wind power, hydro, 
solar photovoltaic, landfill gas, energy from municipal 
waste, biomass and geothermal generation. Emerging 
technologies include tidal stream, wave-power and 
solar thermal generation. Out of these technologies, 
wind, solar, energy from municipal waste, biomass 
and geothermal generation are viable options for Sri 
Lanka. As municipal waste, biomass and geothermal 
uses conventional steam power plants, other two 
technologies are discussed in detail here.

Wind Power

Generating electricity from the wind is one of the 
most effective and rapidly growing ways of harnessing 
renewable energy and increasing numbers of wind 
turbines are being installed in many countries. Modern 
wind turbines can be very large with rotor diameters 
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greater than 200 m and similar tower heights. Figure 
1 shows the rapid growth in the maximum size of 
commercially available turbines over 30 years. It also 
compares the size of the wind turbines to the largest 
aircraft.

 

Figure 1: Evaluation of wind turbines

Early designs of electricity generating wind turbines 
were relatively simple devices in which the speed 
of rotation of the drive train, and hence of the 
aerodynamic rotor, was fixed by the generator locking 
on to the frequency of the grid. This simple design is 
still used for some turbines up to 2 MW in rating but is 
not used for modern very large turbines. Figure 2 shows 
a cross section through the nacelle of a fixed speed wind 
turbine [1, 2]. 

Figure 2: Nacelle of a fixed speed wind turbine [1]

It consists of three blades mounted upwind of the 
tower and a low-speed main shaft driving an induction 
generator through a speed increasing gearbox. The 
blades rotated slowly about their longitudinal axis by an 
actuator when the wind speed and output power exceed 
their rated values. The nacelle is mounted on a large, 
slewing ring yaw bearing at the top of the tower and is 
orientated into the wind by yaw motors controlled from 
a wind vane located on top of the nacelle. The wind vane 

gives a signal showing if the nacelle is not facing directly 
into the wind. Power is taken from the generator to 
the bottom of the tower across the yaw bearing by 
flexible pendant cables that can accommodate two to 
three rotations of the nacelle. The anemometer that is 
adjacent to the wind vane is used only to control the 
starting and stopping of the turbine.

All very large modern wind turbines operate at variable 
rotational speed and the generator output is connected 
to the electrical grid though power electronic converters. 
As wind turbines become larger their structures are 
increasingly dynamic, using active control to manage 
the loads through sophisticated control systems. The 
frequency of the electrical power system (constant at 
50 or 60 Hz) determines the rotational speed of any 
generator that is connected directly to it. Generators 
manufactured with two magnetic poles always operate 
at around 3000 rpm on a 50 Hz system, whereas if 
constructed with four magnetic poles the speed of 
rotation will be close to 1500 rpm. Conceptually, the 
simplest way to obtain variable speed operation of a 
wind turbine is to convert all the variable frequency 
output of the generator to direct current (dc) and then 
use an inverter to convert this power to the 50 Hz (ac) 
of the electrical network. This rectification to direct 
current and inversion to 50 Hz allows the generator to 
rotate at any speed and produce electrical energy at any 
frequency. It de-couples the generator speed from the 
network frequency. Two power converters are used to 
connect the generator operating at varying speed and 
frequency to the 50 Hz of the network as shown in 
Figure 3 [3]. 

Figure 3: Variable speed operation through 
Full Power Conversion

The generator side converter takes the power at the 
variable frequency from the generator and converts it 
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to dc. The grid side converter inverts the dc to the 50 Hz 
of the network. Both converters use large transistors, 
Insulated Gate Bipolar Transistors (IGBTs), in a bridge 
connection. These IGBTs can be considered as large 
switches that can be turned on and off very rapidly. The 
generator converter switches in such a way as always to 
produce dc while the network converter synthesises a 
50 Hz sine wave current that is injected into the grid 
through the coupling reactors. 

Solar PV

Photovoltaic (PV) systems generate electricity directly 
from the light of the sun and are making an increasingly 
important contribution to electricity supply in many 
countries, with a recent rate of growth of the worldwide 
installed capacity of PV systems of around 20% per 
year. This rapid growth has been stimulated partly by 
financial support measures that have been offered by 
a number of governments as they de-carbonise their 
electricity supply systems but also because there has 
been a dramatic reduction in the price of photovoltaic 
modules with technology development and increased 
manufacturing volumes. 

Most solar panels that are installed today use mono- or 
poly-crystalline silicon solar cells and are connected to 
the electricity network. The panels are mounted either 
on the roofs of buildings or are supported on ground 
mounted structures in solar farms. Some innovative 
buildings have photovoltaic modules integrated into 
their facades or roof. Solar farms are usually located in 
areas of high solar radiation where land is cheap but are 
also being constructed in many other parts of the world, 
including in higher latitudes. Photovoltaic generation 
also plays an important role in supplying electrical 
power in remote areas where there is no grid electricity 
supply.

As well as photovoltaic cells that use wafers of crystalline 
silicon, cells made from thin film material are offered 
by several manufacturers. Thin film cells use a small 
amount of semiconductor material deposited on an 
inert substrate and have the potential to be cheaper than 
the thicker bulk silicon cells. There are also exciting new 
developments of new photovoltaic materials, but these 
have yet to be deployed widely. The array of solar PV 
technologies is shown in Figure 4. 

Figure 4: Solar PV technologies [4]

The output from a photovoltaic system depends 
completely on the solar energy resource and usually 
peaks around noon. At higher latitudes the solar 
irradiance drops in the winter resulting in low-
capacity factors and poor utilisation of the photovoltaic 
equipment. Of course, at night a photovoltaic system 
produces no output.

Photovoltaic technology is usually considered in three 
generations.

• The 1st generation technology uses wafers of 
mono- or poly-crystalline silicon. These bulk 
silicon devices are produced in large quantities and 
dominate the commercial market for photovoltaic 
panels.

• The 2nd generation of technologies uses a thin film 
of active photovoltaic material on an inert substrate. 
This generation includes amorphous silicon which 
is cheaper but less efficient than crystalline silicon 
and other thin film semiconductor materials 
such as Copper Indium Gallium diSelenide 
(CIGS) and Cadmium Telluride (CdTe). All of 
these technologies are used in the commercial 
production of flat plate photovoltaic modules. In 
addition, Gallium Arsenide (GaAs) is used for 
solar panels in space craft and for concentrating 
terrestrial systems.

• The 3rd generation includes the emerging 
technologies of dye-sensitised and organic/
polymer solar cells sometimes using Perovskite 
materials. The principle of operation of these 
devices differs slightly from first- and second-
generation technologies, and third-generation 
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devices have yet to be produced in large quantities. 
They are the subject of very active research and 
development particularly to improve the long-term 
stability of the materials.

Mono- and poly-crystalline silicon technologies are 
mature and the cells are encased in robust modules 
whose output characteristics are well defined and 
stable. These first generation photovoltaic modules 
have been shown to work effectively for more than 
20 years in harsh conditions with little maintenance. 
However, the cells are relatively thick (100-200 μm) and 
so use significant quantities of pure silicon that is both 
expensive and takes considerable energy to produce. 
The energy payback time of a solar project is up to five 
years depending on the solar resource of the site where 
it is installed.

Figure 5 shows the main functional elements of a grid-
connected photovoltaic system. These are the solar 
modules in an array, a maximum power point tracker 
and a dc/ac inverter.  The dc output of the photovoltaic 
panels is fed to a maximum power point tracker to 
extract the maximum power from the photovoltaic 
cells. The maximum power point tracker stage is a dc/dc 
converter that varies the voltage applied to the modules 
to extract maximum power for the ambient conditions. 
The dc power is then inverted to ac and injected into the 
power network. The maximum power point tracking 
function may be implemented within the inverter or 
in a separate device. A large grid-connected system is 
likely to have multiple maximum power point trackers 
and either a large central inverter or multiple smaller 
inverters. 

For most grid-connected PV systems, the grid serves as 
an infinite energy sink and provides a strong frequency 
and voltage reference for the operation of the inverter. 
An inverter for a grid-connected photovoltaic system 
constantly monitors the condition of the electricity 
network to which it is connected and only continues to 
operate if the grid network is in its normal operating 
condition, i.e. the frequency and voltage are normal. 
Usually a grid-connected photovoltaic inverter cannot 
operate in a stand-alone mode and will shut down if the 
grid loses its supply from the large central generators 
or if a fault causes a local section of network to become 
isolated.
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Figure 5: Grid Connection of Solar PV

How is the power system currently operated and how 
its operation changes with more renewables?

Modern electrical power systems generate power 
with ratings up to 1000 MW driven by high-pressure 
steam from fossil fuel boilers and nuclear reactors 
or by hydro power. The electrical power is fed 
through generator transformers to a high voltage 
interconnected transmission network, known as a 
grid. The transmission system is used to transport the 
bulk electrical power, sometimes over considerable 
distances, and it is then extracted and passed down 
through a series of distribution transformers to radial 
distribution circuits for delivery to the customers. 

One key attribute of fossil fuels used to generate electrical 
energy centrally by the generation of electricity in large 
power stations is their high energy density. They can be 
transported easily by truck or pipeline and converted 
in devices occupying a small volume. In contrast, 
renewable sources of energy are significantly less dense, 
and the resource must be exploited where it occurs. 

A second important characteristic of fossil fuels, that is 
shared by large reservoir hydro, is that energy can be 
stored for long periods with little degradation. Fossil 
fuels store energy in a dense form and this, most useful 
attribute, has allowed the conventional electrical energy 
system to be developed in its present architecture 
where electrical energy demand is unconstrained and 
supply is arranged always to meet it. It is unlikely that 
a future mainly renewable energy system can be built 
and operated cost–effectively without at least some of 
the energy demand being controlled in response to 
variations of the renewable resource. Unless expensive 
energy storage is used, renewable sources have to be 
converted into electrical energy when the resource 
is available. Figure 6 depicts the operation of the 
conventional power system and the future power 
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system having a large penetration of renewables. 

Generator

Resource

Storage

Today: Generation follows the load

Generator

Storage

Future: Load minus storage follows the generation   
 Figure 6: Conventional and future power system

The generating units are mainly synchronous machines. 
Synchronous generators are analogues to a dancing 
group who does Zumba or acrobatic dancing. These 
dancers are following their steps tuned to a music 
that are at different frequencies. All the synchronous 
generators connected to the grid (irrespective of their 
location) are tuned to 50 Hz frequency and act together, 
as dancers in a dancing group, for any changes in the grid 
frequency. At any given time, the total power generated 
by the synchronous generators are equal to the total 
load connected, thus the grid operates at 50 Hz. If there 
is an imbalance between generation and load demand 
that will reflect on the system frequency. In terms of 
frequency, an electric power system can be viewed 
simply as a single rotating mass of equivalent inertia. 
All the turbine generators and spinning loads operate 
as a single coherent generator with one rotational 
speed and a single system frequency. The equivalent 
inertia is the sum of the inertias of all the turbines 
and generator rotors that are connected to the power 
system. This inertia plays a vital role when keeping the 
frequency within its operational limits, especially under 
contingencies. When renewable energy generators are 
connected to the system, they displace conventional 
power plants, and the system inertia drops resulting 
in more rapid frequency excursions for changes in 
generation or load. This reduction in the inertia of 
the power system caused by increasing operation of 

renewable generators is a major topical concern of 
power system operators.

The electrical demand of a power system changes 
continuously. At any time only some generators are in 
use to maintain the balance between the demand and 
generation. Other units are held in reserve to meet 
increasing load and be ready in case a generator breaks 
down. Generators are called on to operate depending 
on their cost of operation and maintenance and fuel as 
well as the need for reserve capacity. The arrangement 
through which this control of generators is known as 
scheduling. Scheduling is based on the economics and 
technical requirements. For example, the coal power 
plant which is economical to operate and inflexible 
is scheduled to be operated whole day whereas hydro 
power plants are used to take the varying load during 
a day. 

Even in a power system without a significant proportion 
of renewable generation mismatches between the 
scheduled generation and demand are inevitable. These 
are due to variations in customer demand, sudden 
connection or disconnection of large loads, sudden loss 
of part of the transmission network due to a fault, and 
sudden loss of a large generator. Any mismatch between 
the generation and load results in a frequency change 
that is compensated initially by the kinetic energy 
of rotating generators. Minor mismatches between 
customer demand and generation are compensated 
automatically by the action of the governors of 
large generators. When renewable generators are in 
operation, mismatches between generation and loads 
are also caused by the variability of the generation.

The stability of the conventional power system is 
provided by the large synchronous generators. As 
discussed before, these units adjust their output to 
ensure there is a balance between system demand and 
supply at all times. They also provide the majority of the 
system inertia. Most renewable generators do not take 
part in the balancing of the system but merely supply 
energy from the wind or sun when the resource is 
available. These renewable generators can only operate 
when there is a strong voltage and frequency reference 
provided by the large synchronous generators. 

It is clear that operating renewable generators as sources 
of energy only and relying on the large synchronous 
generators to provide all the control and stability of 
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the power system is only satisfactory when there is a 
modest fraction of generation from renewable sources. 
As more and more renewable generation is connected 
to the power system this simple way of operation will 
have to change and the renewable generators must 
evolve to contribute fully to the control and stability of 
the power system.

What are the changes required to operate a Power 
System with a large penetration of renewables?

As discussed in previous sections, the variation and 
intermittency of the power output of conventional 
renewable energy generators cause operational 
difficulties and incurs additional costs to Grid operators 
and finally to electricity consumers. A Grid Operator 
(such as CEB) is responsible to maintain uninterrupted 
power supply at a reasonable tariff with defined 
parameters in power quality. At present the operational 
difficulties caused by intermittency and variability of 
the renewable generators are countered and managed 
by connecting into a large power system, where 
renewable generators benefit from the diversity of the 
loads, the inertia of main generators, and the stored 
energy in the fossil fuel of conventional generators. In 
some cases, in order to maintain power system stability 
certain selected large fossil fuel generators are operating 
in standby mode.  

In principle an energy storage device can be installed 
along with a renewable generator to smooth the 
output or to store energy so as to supply energy when 
renewable resource is not available. To provide long-
term energy storage options like batteries, fuel cells, or 
pumped hydro could be used. Worldwide, there have 
been number of examples of the demonstration of 
energy storage system with a renewable generator. For 
example, a NaS battery system of 245 MWh, 34 MW 
has been installed at the 51 MW Rokkasho wind farm 
in Japan to smooth the wind power output and to allow 
the wind farm to supply demand according to a defined 
schedule. This is shown in Figure 7.

   

Figure 7: Application of energy storage system 
for a wind farm

It would appear to be desirable to install an energy 
storage device with every renewable generator, but 
this is not common practice. The initial capital cost of 
energy storage devices remains high and the maximum 
achievable overall efficiency of storing and retrieving 
electrical energy is only around 80%. However, the 
prices of the energy storages are coming down rapidly 
and many applications with practical solutions are 
emerging. This will enable power grid operators to 
absorb higher proportion of renewable energy sources.

For a country like Sri Lanka, pump hydro is one of the 
viable energy storage options. These schemes have two 
reservoirs one at a higher elevation than the generator-
pump station and the other at a lower elevation. During 
the time solar or wind generation is high, water can 
be pumped from the lower reservoir to the higher 
reservoir. In the peak house, the water stored in the 
higher reservoir can be used for power generation.

Intelligently controlled active networks that facilitate 
the integration of renewable generation into the power 
system are also being considered widely. There are a 
range of enabling technologies such as information and 
communications technologies; sensing, measurement, 
control and automation technologies; power electronics; 
and advanced components and materials that facilitate 
intelligently controlled active networks. The name 
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smart grid has become common to describe the future 
power network that will make extensive use of the 
above-mentioned technologies to support a flexible, 
secure and cost-effective de-carbonised electrical 
power system.  

A de-carbonised electrical power system supplied 
from renewable energy sources and generators with 
steady power output (perhaps nuclear and fossil plant 
with Carbon Capture and Storage), needs greater 
involvement and status of customer end load in its 
pattern of operation. Hence the concept of ‘Demand Side 
Participation’ has emerged in power grids worldwide. 
Demand Side Participation is a potential means of 
increasing flexibility and controllability in the power 
system. Controllable loads such as charging electric 
vehicles will allow increased utilisation of renewable 
energy effectively. More radically, it is anticipated that 
the battery energy storage of electric vehicles may be 
used to inject power into a localized grid at times to 
replace part of high-cost power generation and to 
facilitate islanded operation of distribution electrical 
networks. The role of smart metering and how the 
customers will wish to control their loads at a given 
time and their willingness to take part in the operation 
of a power system is an important topic and there 
are studies and investigations with trials are being 
undertaken currently in many countries.  

Concluding Remarks

Sir Lanka and many countries around the world are 
adding more and more renewable energy sources to 
decarbonize their electricity energy infrastructure. 
However, it is important to consider the following 
points before deployment of large-scale renewables. 

• Identification and evaluation of standard 
operational philosophy, processes, practices and 
control room tools.

• Development of dynamic scheduling systems 
to accommodate system changes arising due to 
variable renewable energy sources.

• Development of energy storage solutions to 
overcome intermittency and variability of 

renewable energy sources. On this regard, the 
immediate implementation of possible pump-
hydro schemes is important.

• Development of technical solutions and methods 
to overcome decrease in system inertia with the 
higher penetration of renewables.

• Development of grid connection codes that 
demand asynchronous generators associated 
with renewable energy sources to match the 
contributions (technical nature) offered by typical 
synchronous generators.

• Committed plan to accommodate renewables 
in structured development phases along with 
technology advancement.

• Establish a regulatory policy on electricity tariff and 
incentives that enables demand side participation 
and empowerment.

More importantly, continuous research and development 
activities with the involvement of utility, network 
operators, economics, technical solution providers, 
academics, and researchers should be considered to take 
our power gird towards a decarbonised and sustainable 
smart grid.  
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Recently, “Turmeric” has become one of the most 
popular topics in Sri Lanka. The high price of turmeric 
made it popular among spice farmers in Sri Lanka. 
Undoubtedly, it can be called the “golden spice” because 
of its immense medicinal value. 

The history of turmeric (Indian saffron) started about 
6000 years ago. This plant is considered native to 
India, even though, it is cultivated in Pakistan, Burma, 
Thaiwan, China, Indonesia, Thailand, Peru, Jamaica, 
Sri Lanka, etc. India produces ca. 80% of turmeric, for 
the global market and they export 60% of it. Turmeric 
is considered auspicious and sacred in Hindu culture. 
Turmeric can enhance the appearance of the cuisine. 
It is used as a flavoring, preserving and coloring agent 
in food processing and ayurvedic preparations. It is 
also used as an additive in cosmetics. India exports 
turmeric-based products such as raw and dry rhizomes, 
powder, curcumin and oleoresin (a viscous material 
obtained when it is extracted with non-polar solvents).

Sri Lankans use turmeric as a sanitizer, by mixing 
turmeric powder with water. Hindus apply grounded 
turmeric rhizome on the body of the bride and groom 
as a ritual in wedding ceremonies (i.e., Haldi ceremony). 
Hindu devotees clean the statues of their Gods and 
other equipment related to their cultural rituals with an 
aqueous extract of turmeric, as they believe it a divine 
plant.

Diversity of turmeric plant

Curcuma longa is the species commonly used as 
turmeric. About 70-100 species can be found in genus 
Curcuma, which belong to the family Zingiberaceae. 
Turmeric is a perennial plant with a height of 60-90 
cm that grows at temperatures between 20-30 oC with a 
significant amount of rainfall. C. longa blooms yellow-
colored flowers while C. aromatica (or wild turmeric) 
gives pink flowers, even though the insides of rhizomes 
of both species are yellow. Wild turmeric (also known 

as Kasthuri Manjal) is a famous ingredient in cosmetic 
products. 

Figure 1: Rhizome & the flowers of C. longa

  

Figur 2: Rhizome & flowers of C. aromatica

C. caesia (or black turmeric) is a rare type of turmeric. 
Inside of the rhizome seems to appear in blue color and 
the mid ribs of the leaves are composed with a blue 
pigment. This black turmeric is also used as a spice 
and drug in a similar manner to wild turmeric. Hindus 
named C. caesia after the name of goddess “Kali” and 
they use this “Kali haldi or black turmeric” to show 
their devotion to her.

  

Figure 3: Rhizome & the leaves of C. caesia

C. angustifolia, Roxb. (Indian arrow root), C. Amada, 
Roxb. (Mango ginger), C. Zadoaria, Rosc. (Kachura), 
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C. Xanthorrhiza (Arrow root) are some of the other 
economically important species of turmeric.

Phytochemistry of turmeric

Phytochemistry is a branch of chemistry which studies 
about the chemical substances present in plants. 
Phytochemical constituents differ by geographical 
variation, soil conditions, environmental conditions, 
method of cultivation, collection, preparation and 
storage, etc. The main phytochemicals that can be 
found in turmeric are curcuminoids and curcumin. 
Demethoxycurcumin and bismethoxycurcumin are the 
major curcuminoids present in the turmeric rhizome. 
Curcumin is an orange-yellow crystalline substance 
that is insoluble in water, but soluble in organic solvents 
such as acetone, ketone, chloroform and ethanol. Above 
mentioned phytochemicals cause these rhizomes to 
appear in yellow. 
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Several types of essential oils (EO) can be obtained from 
turmeric via steam distillation. Most (53%) of them 
are sesquiterpines (e.g., zingiberene, Ar-cucumene). 
Some are monoterpenes such as alpha-phellandrene, 
sabinene, and 1,8-cineole. 
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Volatile oils such as ar-turmerone, curdione, gingibaron 
give a special aroma to the rhizome of turmeric.
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Turmeric is enriched in not only carbohydrates such as 
D-Xylose, D-glucose, D-rhamnose, but also Vitamin C, 
folate and several minerals such as Ca, P, Mg, Zn, K, 
and Na. 

Turmeric rhizome oil (TO) is extracted from steam 
distillation of powdered dried rhizome which contains 
3-6% of essential oils. The constituents in TO are Ar 
turmerone, α-turmerone, β-turmerone, germacrane, 
elemane, spironolactone, carane, selinane, santalane, 
and caryophyllane. 

Adulterations

The process of adding any substance intentionally 
or unintentionally which lowers its quality is known 
as adulteration. Turmeric is one of the main spices 
that are being adulterated. This can be tested using a 
microscope, DNA barcoding, and other analytical 
instruments such as IR, MS, NMR, HPLC, LC-MS 
etc. Popular adulterating compounds are metanil 
yellow, chalk powder and lead chromate. Consumption 
of adulterated turmeric products leads to adverse 
health effects, since these are carcinogenic and toxic 
(neurotoxic and genotoxic).

Health Benefits

Turmeric is one of the popular folk medicines which 
has a great history. Ancient Chinese have been using 
turmeric for more than 1000 years, as a treatment for 
inflammation and to promote blood circulation. In 
Ayurveda, turmeric is used to heal ulcers, wounds, 
insect stings, whooping cough, indigestion, hysteric fit 
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etc. Turmeric is used as a skin tonic, as well as a medicine 
to cure gastritis, chest pains and menstrual difficulties.

From the ancient, ladies apply turmeric on their skins 
to enhance the beauty of the skin. Scientists have 
discovered that turmeric can protect epidermal skin 
cells from UV-B radiations. “Kum-kum” is made from 
adding slaked lime to turmeric powder and Indians 
often apply it on forehead to awake the sixth chakra 
(third eye chackra) of the body (i.e., the energy of the 
body is stored in seven places along the spine to head 
which known as “Chakra” and there are 7 Chackras). 
Married Hindu ladies apply vermillion colored Kum-
kum which is also known as “Sindoor”.  

Curcumin is composed of antioxidant, antifungal, 
antibacterial, anti-inflammatory, anti-obesity, 
antitumor, anti-viral, anti-rheumatic, anti-HIV and 
hepato protective properties. It has the ability to 
inhibit lipid peroxidation and curcuminoids have a 
miraculous power to inhibit cancer in many stages. But 
unfortunately, curcumin is an organic compound with 
poor absorption into blood stream. Researchers have 
found that piperine (phytochemical present in black 
pepper), enhances the absorption of curcumin into the 
blood. 

Turmeric is used to treat patients suffering from 
neuro-degenerative problems such as Parkinson’s and 
Alzheimer’s diseases. 

In 2022, Idowu-Adebayo et al. reported that “Golden 
milk”, prepared from turmeric-fortified soya milk 
samples, exhibited highest protein, iron, zinc, and 
antioxidant activity.   
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Poly(lactic acid) (PLA) is a biodegradable, compostable 
and biocompatible polyester. PLA was first synthesized 
by Wallace Hume Caruthers at DuPont in 1932 via the 
polycondensation of lactic acid. However, the modern 
industrial process for PLA synthesis, polymerizes lactide, 
the cyclic diester of lactic acid (Figure 01).  Lewis acid 
catalysts are used for the ring-opening polymerization 
(ROP) of lactide. The lactic acid needed to produce 
lactide is produced through the fermentation of an 
agricultural feedstock such as corn starch or sugar beet 
pulp. Poly(lactic acid) along with thermoplastic starch 
dominate the global biopolymer market.

 

Figure 1: Ring-opening polymerization of lactide

Lactide occurs in three isomeric forms, L-lactide, 
D-lactide and meso-lactide (Figure 02). Due to the 
presence of stereocenters along the polymer backbone, 
the stereoregularity or the tacticity of the polymer has 
a significant impact on thermomechanical properties 
of PLA. A large body of academic literature has 
focussed on developing stereoselective catalysts for 
lactide polymerization. These are often catalysts with 
ligands of varying complexity attached to a Lewis acidic 
metal centre. In general, an equimolar mixture of L- 
and D- lactide (racemic lactide) is used in academic 
research on stereoselective polymerization. However, 
in the industrial monomer feedstocks, L-lactide is by 
far the most abundant stereoisomer present (though 
some D-lactide and meso-lactide can be present due to 
racemization) because the natural enantiomer of lactic 
acid, L-lactic acid is formed in starch fermentation. The 
industrial polymerization catalyst is usually a simple tin 
alkoxide salt.

Guest Articles
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 Figure 2: Stereoisomers of lactide

Most commercial uses of PLA are for low-end 
applications such as food packaging, plastic cutlery, and 
sheets. In these cases, the selling point for PLA use is 
to replace a non-degradable commodity plastic such as 
polyethylene or polystyrene with a biodegradable and 
compostable alternative. Another important use of PLA 
is for biomedical applications. Dissolving medical sutures 
and a variety of implants and prosthetics are made from 
PLA. The biocompatibility of PLA is an important factor 
for such applications. PLA when it degrades produce 
lactic acid which can readily metabolize via the citric acid 
cycle.  Significant efforts have been made into improving 
thermal and mechanical properties of PLA to enable its 
use in consumer electronics and automotive industry. 
The enhanced properties such as improved thermal 
resistance has largely been achieved using different 
processing methods and creating blends of PLA to 
promote the formation of crystallites. While this will 
enable PLA to replace common commodity plastics in 
more applications, arguably the most interesting areas of 
PLA use is in more advanced and speciality applications 
ranging drug delivery to 3D printing. 

PLA is widely used in the biomedical industry due to its 
biodegradable and biocompatible nature. Recent research 
has focussed on expanding its utility from implants and 
prosthetics to more specialized uses such as controlled 
release and delivery of pharmaceutics. PLA based agents 
have been used to form various types of aggregates in 
solution that can encapsulate organic small molecules as 
well as proteins. The release of the drugs while aided by 
a variety of mechanisms generally rely on the hydrolytic 
ester cleavage of the polyester backbone. Size of these 
particles can range from nanoparticles to microparticles.  
PLA is sometimes copolymerized with other polymers 
such as poly(glycolic acid) for these applications. 
Another important application of PLA is its use in tissue 
engineering. Various tissues are harvested and cultured 
on biostable surfaces and as the cells establish themselves 

the supporting scaffold would degrade and disappear 
leaving behind new tissue at the implant site. PLA due 
to its biodegradable and biocompatible nature has long 
been explored as an ideal candidate for such supports.

To enhance the mechanical properties and broaden the 
scope of applications of PLA, many different polymer 
composites have been produced. In polymer composite 
production a polymer matrix is blended and reinforced 
with a filler, that can improve specific properties of the 
final material. Often with PLA, natural fibres are used to 
form composites. Many PLA composites, reinforced with 
fibres such as jute, cotton, silk and flax exhibit significant 
increase (up to 50%) in strength (measured through 
elongation and compression) compared to the unaltered 
polymer. The composite also shows enhancement of 
other important properties like fire retardancy. These 
composites have gained significant traction in the 
automotive industry. Another area of potential use is 
in the construction industry as replacement for wood 
paneling; this could enhance the fire resistance of 
structures and resistance against weevils and termites. 

PLA is currently widely used as a Desktop 3D printing 
material. Most extrusion-based 3D printers use PLA due 
its relatively low glass transition temperature (50 °C-
60 °C). This allows for the use of a 3D printing devices 
without a heat bed. Biodegradability of PLA coupled with 
its good shelf life under most environmental conditions 
and relatively low cost have all contributed to the 
desirability of PLA 3D printed items. However, certain 
drawbacks such as low heat resistance and brittleness 
exist. Various PLA based polymer blends and composites 
have been developed to mitigate these issues when the 
application requires it. 

In summary, PLA which during the its early years as 
a commercial polymer was widely looked at simply as 
biodegradable alternative to commodity plastics has 
shown significantly more potential in speciality and high-
end applications. Widely used in the biomedical sphere 
as implants and prosthetics PLA has found important 
applications in areas of drug delivery and tissue 
regeneration. Significant challenges with undesirable 
thermomechanical properties of  unaltered PLA  have 
been overcome with the production of natural fibre 
reinforced PLA composites that have found a variety of 
applications such as automotive parts and 3D printing 
filaments.    
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A seminar on ‘Advanced Technologies in Food 
Chemistry’, organised by the trainee workshop and 
seminar committee, was held on the 22nd of February 
2023 in the premises of the Adamantane House, 
Institute of Chemistry Ceylon and the event was also 
broadcasted live on ZOOM.

With the theme of the 2022/23 council year of the 
Institute of Chemistry Ceylon, the seminar was 
conducted to educate the audience on new strategies 
in food technologies, and how they can be developed 
in order to meet three of the 16 main sustainable 
development goals, Zero hunger, Good health and 
wellbeing, Clean Water and sanitization. 

The speakers and participants of the seminar were 
welcomed by Prof Namal Priyantha, the Dean of the 
College of Chemical Sciences, Institute of Chemistry 
Ceylon after which the Chairperson of the Trainee 
seminar and workshop committee, Dr. Laksiri 
Weerasinghe, introduced the speakers of the seminar. 
Speakers from different fields of science joined this 
seminar helping the audience to gather information 
on food technology as seen from individuals in various 
stages in the industry. 

The keynote address was delivered by Prof K.D.S. 
Ranaweera, Senior Professor at the Department of 
Food and Science Technology of the University of Sri 
Jayawardenepura. 

Followed by the keynote address, three plenary speakers 
addressed the gathering on various topics. 

Dr Nadeesh M. Adassooriya, Senior Lecturer at the 
Department of Chemical and Process Engineering 
Spoke on The Present and Future Prospects of 
Nanotechnology in Food Science. The Head of 
Business Development of the Sri Lanka Institute 
of Nanotechnology, Dr. Lakshitha Pahalagedara 
addressed the gathering on The Business of Technology 
Driven Food Security. The final presentation on “The 

Role of Urban Agriculture and Positive Technology 
in food security” was done by Dr Surani Chathurika, 
Head, Department of Urban Bioresources, Faculty 
of Urban and Aquatic Bioresources, University of Sri 
Jayewardenepura.

The tokens of appreciation to all speakers were handed 
over by Dr. Laksiri Weerasinghe and Dr. Dinusha 
Udukala, after each presentation to appreciate their 
valuable time and knowledge shared. 

The event was officially concluded with the vote of 
thanks proposed by Dr. Dinusha Udukala, Senior 
Lecturer at the College of Chemical Sciences, Institute 
of Chemistry Ceylon.

Seminar on Advanced Technologies in Food Chemistry
 Laksiri  Weerasinghe

Chairperson, Trainee seminar and workshop committee, Institute of Chemistry Ceylon
Department of Chemistry, University of Sri Jayawardenepura
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Webinar organized by the Committee for Training Seminars/Workshops 
Institute of Chemistry Ceylon

In 2022/2023 council year, the theme of the committee 
for Training seminars/Workshops (TSW) is “Role of 
chemistry in achieving SDGs”.  Under this theme, the 
webinar on “Circular Economy: Role of chemistry and 
chemical industry in Sri Lanka” was held on 25th October 
2022 at 6.30 pm via Zoom. The resource person for this 
informative webinar was Dr Nareshkumar Hadagama, 
CEO, Sri Lanka Institute of Nanotechnology Pvt Ltd.

By defining circular economy with 3Rs (Restorative, 
Regenerative, Recycle), Dr Handagama described the 
principles of circular economy with respect to chemistry 
and engineering. He also gave a descriptive insight on 
liner and circular economy. The current drive towards 
circular economy and its benefits were discussed in terms 
of legislations and profits. In his talk, Dr Hadagama 
pointed out the importance of chemistry as the process 

platform of chemical industry while highlighting the 
importance of chemistry fundamentals as the basis 
of process design to access the process feasibility. He 
also mentioned that proper understanding of chemical 
thermodynamics and the chemical reaction kinetics is 
the key for the profitability. Finally, with his conclusive 
remarks, Dr Hadagama highlighted that economy of 
scale in chemical industry has become the criterion for 
investments. After an effective Q&A session, the webinar 
was successfully concluded. 

Dr Laksiri Weerasinghe
Chairperson,
Training seminar and workshop committee

Sri Lankan Women Chemists Breakfast 2023

The Women Chemists Committee (WCC) of the Institute 
of Chemistry Ceylon had successfully organized the 
Sri Lankan Women Chemists Breakfast, for the third 
consecutive year, to coincide with the IUPAC Global 
Womens Breakfast. The event was held on the 14th of 
February 2023, at the premises of Adamantane House, 
Institute of Chemistry Ceylon and via the ZOOM 
platform. This year’s event was themed “Women 
Empowerment in Chemical Sciences in Achieving 
Sustainable Development Goals”. The participants 
were welcomed by Prof. H.M.D. Namal Priyantha, the 
Dean of the College of Chemical Sciences, Institute of 
Chemistry Ceylon and was followed by the introduction 
to the event by Prof. Priyani Paranagama, Chairperson 
of the Women Chemists Committee. The Chief Guest, 
Ms. Manoja Jayawardena, Director/CEO of Automated 
Barcode Solutions Pvt Ltd and the Guest of Honour, Ms. 
Nalini Kanchana Munasinghe, Manager, People’s Bank 
impressed the audience with their experience as working 
women and how they overcame all obstacles that they 
had to face to reach their goals in life while maintaining 
work-life balance.

The women chemists’ committee had organized an essay 

and a photography competition to coincide with the 
breakfast event. The essay competition on “The Role of 
Chemists towards Social Well-being”, coordinated by Dr 
Medha Gunaratne, targeted female undergraduates from 
chemistry departments at state universities & institutions 
across Sri Lanka. The winner of the competition, Ms. 
W.C.M. Fernando of the South Eastern University of Sri 
Lanka, was given an opportunity to showcase her writing 
ability as a young woman chemist by presenting her essay 
at the event. The “Photographic Abstract Competition”, 
coordinated by Prof. Suranga Wickramarachchi was also 
conducted targeting female undergraduates, graduate 
students and research assistants pursuing research in 
academia where the participants were invited to submit 
a photographic abstract of their research enraptured in 
a single photograph. The winner of this competition, 
Ms. Gayara Perera of the College of Chemical Sciences, 
Institute of Chemistry Ceylon was also given the 
opportunity to present her work to the audience

The event was officially concluded with everybody taking 
part in a traditional Sri Lankan Breakfast at the premises 
of the Institute of Chemistry Ceylon.

~~~~*~~~~
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Action Plan 2022/23: Inauguration Ceremony
Waters Edge, Battaramulla

An inauguration ceremony organized by the Institute 
of Chemistry Ceylon (IChemC) on the following action 
plans of the year 2022/23, was held on 25th January 2023 
at Water’s Edge, Battaramulla.

1. Inauguration of Secretariate for Professional Practice 
of Chemistry 

2. Launching Continuous Professional Development 
(CPD)

3. Launching of the VChemEx 2023-a Veritual 
Educational, Industrial Exhibition and Trade Fair

4. Introduction of proposal postgraduate degrees of 
Chemical Science

5. Establishment of a Chemical Laboratory and 
Chemist Training Center

IChemC, incorporated by the Act of Parliament No. 15 
of 1972 is known as the professional body of chemists 
and the practice branches of chemical sciences in Sri 
Lanka. It served as the apex body in conducting training 
programmes for the professional development of 
chemists and to recognize eminent chemists in electing 
them as members/Fellows and Charted Chemists. This 
event was organized to make the awareness of the action 
plans of the 2022/23 Presidential Year of IChemC Council 
while promoting new collaborations and partnerships 
of industries, academics and professional bodies to 
strengthen the chemical industry in Sri Lanka. 

Honorable Minister, Dr Susil Premajayantha Ministry 
of Education and the Leader of the House of Parliament 
graced this event at the Waters Edge, as the Chief Guest 
while Prof Sirimali Fernando participated as the Guest of 
Honour. The welcome and the introductory address for 
the ceremony was delivered by the President of IChemC 
2022/2023, Mr N. M. S. Hettigedara emphasizing the 
continuous professional development of chemists who 
can play a vital role in economy development as well as 
in achieving the sustainable development goals. 

Hon Dr Susil Premajayantha addressed the gathering,  
congratulating IChemC President and the Council on 
inaugurating activities that would widely contribute 
to economic development through professional 

development of chemists and quality improvement 
of the chemical industries in the country. He also 
emphasized that the importance of achieving Sustainable 
Development Goals of the agenda 2030 of the United 
Nations as a member country of IUPAC and as a 
professional organization in Chemistry. As the Minister 
of Education, Hon Dr Susil Premajayantha, emphasizing 
on Sustainable Development Goal 4- Quality Education, 
expressed the need to change the educational system 
which has not been done for many years. The education 
system is being transformed, aligning to the 10-year 
education policy developed by the National Education 
Commission to achieve the SDG by 2030. The pilot scale 
implementation covering 280 schools will take place in 
March 2023 with the new school year.

Prof Sirimali Fernando, Secretary General, Sri Lanka 
National Commission for UNESCO during her talk, 
expressed her appreciation on launching a set of activities 
that promote basic sciences which is in par with the 2022 
International Year of Basic Sciences to achieve SDG 
declared by UNESCO.

Mr Hettigedara,  in his speech explained that formation 
of the National Secretariat enables to create a group of 
chemistry professionals to be responsible to certify the 
quality of raw materials and industrial products, as well 
as authorized persons to be regulated on handling and 
disposal of chemicals in the country.  

Furthermore Mr Hettigedara introduced VChemEx 
2023 as a platform to promote the industrial products 
of manufacturing companies, while enhancing the 
consumer protection by providing product information 
such as raw materials, processors and quality assurance. 
This exhibition will be conducted for a period of one year.

Prof Sujatha Hewage, Chairperson CPD Committee, 
delivered a talk on the Continuous Professional 
Development (CPD) Programme, that would provide 
training and skills to build up the competence of 
professional chemists.

Dr Udaya Jayasundara, Senior Lecturer of the College 
of Chemical Science delivered a talk on behalf of Prof 
Namal Priyantha, the Dean of the College of Chemical 
Science, IChemC, on the importance of offering quality 
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education on professional developments through the 
Masters degree programs that will be introduced in the 
near future. Prof Priyani A Paranagama, Chairperson, 
Board of Trustees, IChemC, delivered a talk on the 
importance of establishment of the chemical laboratory 
and a chemists training centre that would lead to boost 
the capacities of the chemical industry and quality 
services. 

Representatives of Sister Associations such as the 
Institute of Biology and the Institute of Physics as well 
as Organization of Professional Association (OPA) of 

Sri Lanka, delivered their messages appreciating this 
event that would lead to expand the opportunities and 
professional development in many fields of basic sciences 
in the country.

The ceremony was concluded by summing up and vote 
of thanks delivered by Dr. Manuja Lamabadusuriya, Joint 
Secretary, IChemC.

N. M .S. Hettigedera 
President, Institute of Chemistry Ceylon

Welcome and Introductory Address by
Mr. N.M.S. Hettigedara, President, IChemC

Inauguration of the National Secretariat for the 
Professional Practice of Chemistry

Address by the Chief Guest Honourable Dr. Susil 
Premajayantha, Minister of Education

section of participants section of participants

from L o R: Prof Sirimali Fernando (Guest of Honour), 
Honourable Dr. Susil Premajayantha (Chief Guest) 
and Mr. N.M.S. Hettigedara, (President, IChemC)
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Free radicals can be defined as chemical species (atom, 
molecule or ion) which have a single unpaired valence 
electron. Triplet O2 and triplet carbene (:CH2) have two 
unpaired electrons. Homolytic cleavage of Cl2 or Br2 by 
thermally or photochemically produces two Cl• or Br• 
radicals. 

Cl2→ 2 Cl•

Br2 → 2 Br•

The presence of an unpaired electron makes the radical 
highly reactive and less stable, thus, it can abstract 
an electron/atom/group from another molecule and 
becomes stable as shown below (Cl•  → HCl).

CH4 + Cl•  → •CH3 + HCl

Free radicals can be positive (e.g., PhOH•+), negative (e.g., 
naphthalide) or neutral (e.g., Br•). Mass spectrometer 
produces cation radicals called molecular ions. Reduction 
of benzophenone, biphenyl and naphthalene with alkali 
metals generates anion radicals.   

Na    +
Ph Ph

O

Ph Ph

O Na+  

Figure 1: Ketyl anion radical of benzophenone

Stability of free radicals

Electron donating groups can push electrons towards 
the free radical and stabilize it. Tertiary (3ry) radicals are 
the most stable. 

H H

H

H3C H

H

H3C CH3

H

H3C CH3

CH3

Increasing stability

 
Figure 2: Stability of Me∙, 1ry, 2ry & 3ry radicals

The selectivity of C-H bond cleavage is determined by 
the bond dissociation. The bond dissociation energies of 
H‒CH3, H‒Et, H‒CHMe2 and H‒CMe3 are approximately 
440, 425, 415, and 405 kJ per mole.

Free radicals can be further divided into σ- and π-radicals, 
depending on whether the unpaired electron is located 
in an σ- or π-orbital. Generally, π-radicals are readily 
stabilized by conjugation, thus, σ-radicals are less stable 
than π-radicals. 

The allyl and benzylic radicals are examples of conjugative 
resonance stabilization.

Allyl radical

Benzylic radical 
Figure 3: Resonance structures of allyl and benzylic 

radicals

Stable free radicals

NO is a stable inorganic radical. Generally organic radicals 
are stabilized by the following factors: hyperconjugation, 
presence of electronegative atoms such as oxygen and 
nitrogen, delocalization, and steric hindrance.

2,2,6,6-Tetramethylpiperidine-1 oxyl radical (TEMPO) 
is a stable radical used in organic oxidation reactions. 

N
O

TEMPO 

Figure 4: TEMPO: A stable free radical

Types of Free Radicals

Free radicals are classified as Reactive Oxygen Species 
(ROS) and Reactive Nitrogen Species (RNS) (see Table1).

Chemistry of Radicals
K. Sarath D. Perera

Senior Professor in Chemistry, Department of Chemistry, The Open University of Sri Lanka

Student Corner

Student Corner
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Table 1: Some important ROS and RNS

Free radical Symbol

Reactive oxygen species

Superoxide anion radical •-
2O

Hydroxyl radical HO•

Alkoxyl radical RO•

Peroxyl radical ROO•

Reactive nitrogen species

Nitric oxide radical NO•

Nitrogen dioxide radical •
2NO

a) Superoxide anion radical

When a single electron is added to the ground state of 
the oxygen molecule, it enters into the π-antibonding 
orbital forming the superoxide anion radical.  

b) Hydroxyl radical

The neutral form of the hydroxide ion is the hydroxyl 
radical. It is very short lived and reacts vigorously with 
sugars, amino acids, phospholipids and DNA. Hydrogen 
peroxides (H2O2) reacts with metal ions (Fe2+ or Cu2+) 
bound proteins such as ferritin and ceruloplasmin to 
produce the hydroxyl radical, which is called the Fenton 
reaction. 

Fe3+  +  O2                  Fe2+  +  O2
Fe2+  +  H2O2              Fe3+  +  HO  +  HO              
Haber-Weiss reaction                                            
O2      +  H2O2              O2 +  HO  +  HO

Fenton reaction

 

Figure 5: Fenton and Haber-Weiss reactions

HO• is also formed from the Haber-Weiss reaction where 
superoxide anion radical reacts with hydrogen peroxide. 

c) Alkoxyl and hydroperoxyl radicals

Alkoxyl radicals are good oxidizing agents. Protonation 
of the superoxide anion radical gives the hydroperoxyl 
radical (HOO•).  It has the ability to initiate fatty acid 
peroxidation and tumor development. 

d) Nitric oxide radical

Nitric oxide radical (NO•) reacts with molecular oxygen 

to produce 2NO− . It is highly soluble in organic solvents 
and less soluble in water; it has the ability to diffuse 
through cytoplasm and plasma membranes.

Formation of radicals

Heat, light, electrical discharges, electrolysis and redox 
reactions are known to produce radicals.

1. Thermal generation

Compounds that have intrinsically weak bonds dissociate 
to give free radicals at moderate temperatures.

O
O

Dialkyl peroxide

heat
2

O

Azobisisobutyronitrile 
         (AIBN)

NNC
N CN

heat
2                +  N2CN

Figure 6: Thermal generation of radicals

2. Photochemical generation

Fragmentation of compounds occurs if the light energy 
is sufficient enough to cleave a bond and electronically 
excite the molecule. Alkoxyl radicals can be easily formed 
photochemically.

RO N
O

h� RO  +   NO

h� RO  +   ClROCl

 

Figure 7: Photochemical generation of radicals

Norrish type I and II reactions are examples for reactions 
involving the photochemical generation of radicals. In 
Norrish type I, the cleavage of alpha bond of a ketone 
takes place, whereas, in Norrish type II, the transfer of 
gamma (γ) hydrogen to the carbonyl oxygen takes place, 
forming 1,4-hydroxy biradical. 

R1

O

R2
h�

R1

O
R2 R1 R2

Norrish type I

+
�CO

 

OH
h� OH

Products

Norrish type II

 

Figure 8: Examples for Norrish type I and II cleavages
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Figure 9 shows the photochemistry of (1), which 
undergoes both Norrish type I and II reactions. 

Ph

O
O

Ph

Ph �h
ISC

3(1)*

(1) Ph

O

Ph

O Ph

Ph

O
Ph

O
Ph O

Ph O

Ph

Ph

Norrish type I

  

Figure 9: Norrish type I and II cleavages of (1)

3. Redox generation

Covalent bonds may be broken by electron transfer 
process either by accepting an electron from a donor 
(via reduction, Fig. 10) or donating an electron to an 
acceptor (via oxidation, Fig. 11).  

Ph

O
O

Ph

Ph �h
ISC

3(1)*
(1)

Ph

OH
O

Ph

Ph

Ph

O

Ph
+

Ph

OH

CH2Ph

O

CH3

Norrish type II

H

 

Figure 10: Reduction of EtOAc with Na

Na  +
H3C OEt

O

H3C OEt

O Na+

1. Dimerization
2. 2 H+

H3C
OH

O
CH3

 

Figure 11: Oxidation of 2,6-dimethylphenol 
with Fe3+ ions

Reactions of Radicals

Abstraction, addition, combination, disproportionation 
and rearrangement are the common reactions of free 
radicals. 

1. Abstraction 

Free radicals proceed with reactions by abstraction of 
another atom/group. The bond dissociation energy and 
the polar effects determine the selectivity of radicals 
towards C-H bonds. As the bond dissociation energy 
decreases the rate of abstraction increases. 

•CH3 + C2H6 → CH4 + •C2H5

 

2. Addition

Free radicals undergo a selective addition reaction to 
carbon-carbon double bonds. Usually, the addition of 
radicals takes place according to the anti-Markovnikov 
rule where the substituent is added to the less substituted 
carbon atom.

CH3   + X H3C
X

 
Some unstable radicals break down into a spin-paired 
molecule and a new radical, for example, benzoyloxy 
radical (PhCO2

•) eliminates a phenyl radical (Ph•) and 
CO2. This can be viewed as the reverse of radical addition.
 
3. Combination and disproportionation 

Two free radicals can combine by dimerization or 
disproportionation as shown below. 

CH3   +   CH3           C2H6

2 C2H5            C2H6   +   CH2=CH2 

Figure 12: Dimerization and disproportionation 
reactions 

4. Rearrangement 

Free radicals are known to rearrange in certain 
circumstances. For example, the addition of free radical 
leads to rearrangement due to relieve of strain in the 
cyclic system. 

CCl3

CCl3 CH2CCl3 CH2CCl3
CCl4

Cl

+  CCl3

Figure 13: Rearrangement of a strain system

Unlike carbocations, radicals seldom rearrange to 
become more stable. 

Some Applications

1. Chlorination of alkanes 

Molecular chlorine and bromine form radicals by 
thermal or photochemical methods. Chlorination and 
bromination of alkanes takes place in both gas and 
liquid phase. Chlorination of methane is carried out 
thermally at rather high temperatures (250 - 300 oC) 
by the homolytic cleavage of the Cl‒Cl bond (initiation 
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step). 

CH4   +   Cl           CH3   +   HCl

CH3   +   CH3           C2H6

CH3  +  Cl2          CH3Cl +  Cl
CH3Cl           CH2Cl2          CHCl3           CCl4

2 Cl            Cl2

Cl2           2 Cl

Figure 14: Chlorination of methane

Homolytic dissociation of Br2 can be achieved at room 
temperature by irradiation. Conversion of cyclohexane 
to cyclohexyl chloride is shown in Figure 15.

+ SO2Cl2

Dibenzoyl 
Peroxide

Cl

+ SO2 + HCl 
Figure 15: Chlorination of cyclohexane

2. Polymerization of alkenes 

Free radical polymerization proceeds with three 
fundamental steps: initiation, propagation and 
termination. 

The initiation step involves in the generation of active 
radical species (R•). The most common radical initiators 
are benzoyl peroxide and AIBN. The active radical 
species (R•) reacts with a monomer (M) to give RM•. This 
initiation step is considered to be the rate limiting step. 
In propagation, the polymer chain grows by successive 
addition of monomers to give R(M)n-1M

•. The quenching 
of the active radicals ends the propagation process. The 
termination can occur in different ways; via combination 
or abstraction of H• or another radical (R'•) to produce 
R(M)2nR or R(M)nH or R(M)nR'. The termination can 
also take place via a disproportionation process. 

3. Coupling of alkynes

The coupling reaction of mono-substituted acetylenes 
is catalyzed by Cu(II) ions in the presence of pyridine 
to give diynes as shown in Figure 16. This is called 
Glaser coupling, which is also similar to Hay coupling 
of acetylenes.

R C C H + R C C +
R C C + CuOAc R C C Cu + OAc
R C C Cu + Cu(OAc)2 R C C + 2 CuOAc

R C C2 Dimerization R C C C C R

pyridine pyridine-H+

Figure 16: Coupling of acetylenes

4. Hunsdiecker Reaction

The silver salts of carboxylic acids react with halogens 
forming unstable intermediates which readily undergoes 
thermal decarboxylation to form alkyl halides. 

R O��Ag+

O
Br2

-AgBr R O

O
Br R O

O
Br

-CO2

R BrR Br

 

Figure 17: Conversion of RCO2H to RBr

Similar silver-catalyzed decarboxylative bromination of 
aliphatic carboxylic acids is given Figure 18. 

R CO2H + N

N

N

O O

Br

Br

O 2.5 mol-%
Ag(Phen)2OTf

R Br
H

 
Figure 18: Decarboxylative Bromination

Role of free radicals in biology

Free radicals are produced in cells as by products, 
particularly due to oxidative phosphorylation in 
mitochondria. Superoxide anion radical is one of 
the most common radical which is formed by auto-
oxidation, enzymatic and non-enzymatic electron 
transfer processes. 

Homolysis of chemical bonds accompanied by the 
formation of other bonds leads to forming free radicals 
in the cells. Both ROS and RNS are produced from 
endogenous sources (mitochondria, peroxisomes, 
endoplasmic reticulum, phagocytic cells) and exogenous 
sources (pollution, alcohol, tobacco smoke, heavy metals, 
transition metals, industrial solvents, and pesticides, 
certain drugs like halothane, paracetamol and radiation). 
Excess production of oxygenated free radicals leads to 
oxidative stress which damages the integrity of many 
biomolecules including lipids, proteins and DNA. 
Oxidative stress results in various human diseases: 
respiratory, cardiovascular, diabetes mellitus, cataracts 
and rheumatoid arthritis. 

Radical inhibitors

Radical inhibitors are compounds capable of stopping 
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the propagation step thereby terminating the radical 
chain reaction, e.g., hydroquinone (HQ), 4-tert-

butylcatechol (TBC), 4-methoxyphenol, 2,6-di-tert-
butyl-4-methylphenol (BHT), etc.

Student Corner

Alkyl Metal Complexes
K. Sarath D. Perera

Senior Professor in Chemistry, Department of Chemistry, The Open University of Sri Lanka

An alkyl-metal complex has at least one Metal Carbon 
(M-C) σ- or π-bond. Grignard reagent (RMgX) and 
LiR are the most common alkyl-metal reagents used in 
organic synthesis. ZnEt2 and EtZnI are the first metal 
alkyls prepared by Edward Frankland in 1848. 

Synthetic routes to metal alkyls (M-R)

There are many ways to synthesize metal-alkyls. Here, the 
appropriate aliphatic, alkenyl, alkynyl, and aryl groups 
are considered as alkyl groups (R). 

1. By reacting a metal directly with RX  

This can be considered as an oxidative addition of an 
organic halide to a zerovalent metal. 

With divalent metals 

M + R-X → R-M-X 

Some examples are given below.

 

Note that structures of some of these reagents are not 
monomeric. 

With monovalent metals 

2M + RX → RM + MX 

(M = Li, Na, K, Cs;    X = Cl, Br, I)

The order of the reactivity of organic halides is as follows.

RI   >   RBr   >   RCl

2. via Transmetallation

Alkylating agents (containing transferable alkyl groups) 
can be used to prepare other organometallic compounds 
as shown below. 

MX + M′R → MR + M′X 

Magnesium, lithium, aluminium and mercury alkyls are 
some of the common alkylating agents. This transfer of 
an alkyl group from one metal to another is known as 
transmetallation.

Some reactions are given below. 

       (a)  [PtBr2(PPh3)2] + 2 EtMgBr           [PtEt2(PPh3)2] 
       (b)  TlCl3  +  3 LiMe           TlMe3  +   3 LiCl 
       (c)  [Cp(OC)2RuBr] + HgPh2           [Cp(OC)2RuPh] + PhHgBr
       (d)  [Cp(OC)2RuBr]  +  LiMe           [Cp(OC)2RuMe] + LiBr
       (e)  [Cp2TiCl2]  +  2 LiMe           [Cp2TiMe2]  +  2 LiCl
       (f)  [Cp2TiCl2]  +  AlMe3           [Cp2TiCl(Me)] + AlClMe2
       (g)  WCl6  +  6 AlMe3           [WMe6]   +   6 AlClMe2

 
AlR3 usually transfer only one alkyl group.

  
The nucleophilicity of the R‒ varies as given below.

NaR   >   LiR   >   RMgX   >   ZnR2

                

3. via Oxidative addition 

Alkyl and aryl halides add to coordinatively unsaturated 
transition metal centres to form metal-carbon bonds. 
Some examples are given below.

 (i) [IrCl(PPh3)3]  +  MeI             [IrCl(I)(Me)(PPh3)3] 
 (ii) [Fe(CO)5]  +  MeC(=O)CH2Br           [(MeCOCH2)FeBr(CO)4]

 (iii) [Pd(PPh3)4]  + CH2=CHBr           trans-[PdCl(CH=CH2)(PPh3)2]

Oxidative addition of a C-H bond of a coordinated ligand 
generates a metallacycle with a M-C bond.

4. via Reacting with an electrophile

Some complexes have nucleophilic (π-basic) metal 
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centers: particularly, in complex anions. These metal 
centers readily react with organic electrophiles (R+) to 
give M‒C bonds. This process can be considered as a 
nucleophilic substitution on carbon. Some examples are 
given below.

      (i)    Na[Mn(CO)5]  +  MeI               [MeMn(CO)5]  +  NaI
      (ii)   Na[CpW(CO)3]  +  MeI            [CpW(CO)3Me] + NaI
      (iii)  Na[CpFe(CO)2]  +   EtI             [CpFe(CO)2Et] + NaI
      (iv)  [CpFe(CO)2]�  +  Ph3S+             [CpFe(CO)2Ph] + Ph2S

 

5. Deinsertion reactions

By the action of heat or light, new M‒R, bonds can be 
formed via the elimination of a small molecule such 
as C≡O, CO2, SO2 or N2 from complexes containing 
M‒COR, M‒CO2R, M‒SO2R and M‒N2R fragments, 
respectively.

[(Et3P)2PtPh(Cl]) + N2

[Cp(OC)2FeSO2R] [Cp(OC)2FeR]   +   SO2

[(OC)5Mn(C=OMe)] [(OC)5MnMe]  +   CO

[(bipy)NiCO2Me)2] [(bipy)NiMe2]  +  2  CO

[(Et3P)2Pt(N=NPh)Cl]

(i)

(ii)

(iii)

(iv)

 

Reactions of alkyl metal complexes

Most metal alkyls are reactive. They can undergo (i) β 
hydride abstraction, (ii) reductive elimination, and (iii) 
insertion and deinsertion reactions. Metal alkyls are 
prone to be attacked by electrophiles.

a) β-Hydride abstraction

The major decomposition path of metal alkyls is via the 
β-H abstraction. When it is not possible, other hydrogen 
transfer reaction (e.g., α- or γ-H abstraction) may take 
place. 

Pt
Cl

Et3P

PEt3

CH2

CH2
H

Pt
PEt3

Et3P H

Cl
+ H2C CH2

 
b) Reductive elimination reactions

cis-Dialkyl complexes [LnM(R)R⁄] can decompose via 
reductive elimination (RE) of R-R/.

MLn

R

R/
[LnM]  + R R/RE

c) Insertion reactions 

Unsaturated molecules such as CO, alkenes and alkynes 
insert into M-R bonds forming M-COR, M-CH2CH2R 
and M-CH=CHR fragments. 

d) Electrophilic attack on M-R

The reaction of alkyl metal complexes with electrophiles 
such as H+, halogens, cleaves the M-C bond or substitutes 
the R group.

[M] R  +  H+             [M]+  + R H

[M] R  +  X2 R X[M] X + 

Problems

1. Predict the product(s) of the following reactions. 

            (i)  TiBr4  +  4 Mg(CH2SiMe3)2     
          (ii) [Cp2TiBr2]  +  2     
          (iii) cis-[PtBr2(PPh3)2]  +  Li(CH2)4Li  
          (iv) cis-[PdBr2(PMe3)2]  +  SnMe4

LiC CMe

1. Na/Hg
2. MeI

(v) [CpRu(CO)2]2

 Me(C=O)Me  +  Hg(NSiMe3)2(vi)

(vii) Zn   +  HgMe2

(viii) 4 (CH2=CH)MgBr + SnCl4

2. How would you prepare MeTiCl3, Me2TiCl2 and 
TiMe4 from TiCl4. 

3. Suggest a route to the following reaction. 
  [Mn2CO)10] [(OC)5MnMe]?? ??

4. Calculate the valence electron count of 
[Ti(CH2SiMe3)4] and [Ti{CH(SiMe3)2}3]. Comment 
on the stability of them. 
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Palladium Catalyzed Coupling Reactions
K. Sarath D. Perera

Senior Professor in Chemistry, Department of Chemistry, The Open University of Sri Lanka

Palladium complexes catalyze many types of organic 
reactions. It is particularly useful in forming carbon-
carbon bonds. For versatility, no other transition metal 
can compete with palladium. Palladium is readily 
available as Pd(II) chloride [PdCl2] Na2[PdCl4] or 
palladium acetate [Pd(OAc)2]; they are relatively cheap 
compared to rhodium and ruthenium salts.

Aromatic (aryl and heterocyclic) substitution is still one 
of the most important reactions in the preparation of 
most of the world’s top pharmaceuticals, agrochemicals 
and color chemicals.  We know that aryl halides do not 
undergo nucleophilic substitution reactions. Thus, Pd-
catalyzed carbon-carbon bond forming reactions play 
an important role in synthesizing more complex and 
unusual compounds.

Catalysts

Palladium catalysts/pre-catalysts, which are used for 
coupling reactions include,

a) Pd(OAc)2  +  Phosphine (PR3)

b) PdCl2  +  Phosphine (PR3)

c) [PdCl2(diphosphine)]

d) [Pd(PR3)4]

e) [Pd2(dba)3] (dba = (PhCH=CH)2C=O)

f) Cyclometallated Pd(II) complexes 

      (dba = dibenzylidene acetone)

It is believed that phosphines and amines are capable of 
reducing Pd(II) to Pd(0).

Mechanism

Palladium catalysts are used to couple two organic groups 
(R1 and R2). Zerovalent palladium center in LnPd(0) is 
known to activate the R1-X bond, where R1 = alkyl, aryl 
and vinyl group; X = I, Br, triflate. It is an oxidative 
addition (O.A.) reaction.

R1 X +  Pd0 R1 PdII XO.A.  

Transmetallation of this Pd(II) species with an 
organometallic reagent (MR2) gives the R1‒Pd‒R2   
species.

R1 Pd X  +  MR2 R1 Pd R2  +  MX

 
Reductive elimination (R.E.) of R1‒R2 generates the 
active Pd(0) catalyst. 

R1 Pd R2 R1 R2  +  Pd(0)R.E.

 
The above three reactions are the key steps in a catalytic 
cycle (Scheme 1). 

L2Pd

X

R1

L2Pd
R2

R1

R1 XR1 R2

MR2MX

(c)

(b)

(a) O.A.R.E.

L2Pd

 

Scheme 1: A catalytic cycle for a coupling 
reaction between R1 and R2 groups using                                     

the active catalyst [PdL2]. L = PR3

(a) Oxidative addition of R1‒X

(b) Transmetallation with MR2 where M = Mg, Sn, Si, 
B, Hg, Zn, Cu etc.

(c) Reductive elimination of R1‒R2 and regeneration of 
zerovalent palladium complex

Let us consider the named coupling reactions such as 
Kumada, Negishi, Stille, Suzuki, Heck, Sonogashira and 
Hiyama, catalyzed by palladium complexes.

Kumada coupling reaction

Formation of an Ar‒R bond via a cross-coupling reaction, 
involving an Ar group and a R group of a Grignard 
reagent is called the Kumada coupling. 
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Scheme 2: Transmetallation step of a Kumada 
coupling reaction

Negishi coupling reaction

A similar coupling reaction with an R group of an 
organozinc reagent (RZnX) is known as Negishi coupling; 

 

Scheme 3: Transmetallation step of a                    
Negishi coupling reaction

Stille coupling reaction

A R group of an organotin reagent (e.g., R2SnBu3) is 
involved in a Stille coupling reaction.

 

Scheme 4: Transmetallation step of a                        
Stille coupling reaction

Suzuki coupling reaction

In a Suzuki coupling reaction, a R group of an 
organoboron reagent (e.g., R2B(OH)2) is used.

 

Scheme 5: Transmetallation step of a                     
Suzuki coupling reaction

Heck coupling reaction

Arylation of olefins (or alternatively olefination of aryl 
groups) is known as the Heck reaction; it is represented 
as follows.

ArX      +
R

Pd(0)
cat

R

Ar
+     HX

X = I, Br or O3SCF3 
       (triflate)

R = H, alkyl or
       aryl

  Scheme 6: Heck reaction

We can consider the Heck reaction as a reaction in which 
an olefinic H is replaced by an Ar group (i.e., arylation 
of an olefin).  

 

Scheme 7: Transmetallation via HX removal 

A new C‒C bond is formed between an olefinic group 
and aryl group. Heck reaction is catalyzed by Pd(0) 
compounds. A base (e.g., Et3N, Bu3N, NaOAc, K2CO3) 
is used to remove HX from the system. 

Catalytic cycle 

The catalytic cycle for the Heck reaction is shown in 
Scheme 8.

[L2Pd(0)]

X

Ar

X

Base HX

(c)

(b)

(a)
Base

ArX

RCH

X

Ar

RR

H
Ar

H

X

H

(d)

(e)

Ar

R

(1)

(2)(3)

(4)

L2Pd

L2Pd

L2Pd

L2Pd

 

Scheme 8: Catalytic cycle for the arylation of 
RCH=CH2 to give RCH=CHAr using 

an active catalyst [L2Pd].

(a) Oxidative addition of ArX gives the Pd(II)        
complex (1). 

(b) Coordination of RCH=CH2 gives (2).

L2Pd
R1

Ar
L2Pd

R1

X
ArMgX MgX2

L2Pd
R1

R2

L2Pd
R1

X
R2ZnX ZnX2

THF

L2Pd
R1

R2

L2Pd
R1

X
R2SnBu3 SnBu3X

THF

L2Pd
R1

R2

L2Pd
R1

X
R2B(OH)2 B(OH)2X

NaOH

L2Pd
Ar

L2Pd
Ar

X
HX

THF

R
R

H
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(c) Migration of the Ar group on to the olefin giving the 
intermediate (3). (This step is regiospecific where Ar 
ends up in the terminal carbon)

(d) β-Hydride abstraction gives the complex (4), and 
eliminates the coupled product (RCH=CHAr).

(e) Removal of HX by a base, regenerates the active 
catalyst [L2Pd(0)].

Sonogashira coupling reaction

The Sonogashira reaction is a cross coupling reaction 
between aryl or vinyl halides and terminal alkynes to 
generate conjugated enynes and arylalkynes (Scheme 9). 
The reaction proceeds in the presence of a Pd(0) catalyst, 
a Cu(I) cocatalyst, and an imine base.

The catalytic cycle of the Sonogashira reaction is 
consisting of oxidative addition, transmetallation and 
reductive elimination as in scheme 1.  Transmetallation 
of (5) with (6) produces (7). The cuprate(I) (6) was 
generated in situ using catalytic amount of CuX.

 

Scheme 9: The two catalytic cycles of the      
Sonogashira reaction

Hiyama coupling reaction

In Hiyama coupling reactions, organosilanes and 
organic halides are employed in the presence of fluoride 
ions as shown below.  

R2SiR3R1 X R1 R2+
F-

Pd cat

R1 = aryl, alkenyl, alkynyl, alkyl
R2 = aryl, alkenyl, alkynyl
R = Cl, F or alkyl
X = Cl, Br, I or OTf

 

The transmetallation step is as fellows. 

 

Scheme 10: Transmetallation of R1PdL2X

The organosilane is activated with a fluoride/base to form 
a pentavalent silicon center, which makes the C-Si bond 
more labile. 

Bu4NF   +   R2
4Si                 [R2

4SiF]NBu4

Scheme 11: Activation of silanes

The Hiyama–Denmark coupling reaction uses 
organosilanols and organic halides as coupling partners, 
where base is utilized as the activating agent instead of 
fluoride. 

 ArBr + R2Me2SiOH

Ar R2 + Me2Si=O + KBr

[PdL2]KOH 

Scheme 12: Hiyama-Denmark reaction

Problems

1. Predict the product(s) of the following reactions.  
L = PPh3

 

L2Pd

L2Pd
X

R1L2Pd
R1

R1 X

T.M.

O.A.R.E.

R2

R2R1

R2Cu nCuX

CuXR2H

R2H

Base
Base HX

(7)

(6)

(5)

N Br
+  PhMgBr [Pd]

cat

(b)   PhBr  +  CH2
=CHSnBu

3
n [Pd]

cat

(g)   PhCH2Br  +  ArSi(OMe)3
PdBr2

Bu4NF

MeO
Br

O
B

O
Ph+(c) NaOH

I
PdL4

CuI / R3N
+

(a)

PdL4

(f)

(e)   PhI  +  styrene
Pd(OAc)2

NEt3

(d)   PhZnBr  + 2-bromothiophene
PdL4

L2Pd
R1

R2

L2Pd
R1

X
[R2

4SiF]
-

[R2
3SiF]
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Student Corner

Suppressed Ion Chromatography
J. A. T. C. Ariyasena

Senior Lecturer, Department of Chemistry, Faculty of Science, University of Peradeniya

Chromatographic methods are recognized as the most 
powerful analytical separation techniques to date, for 
the identification and separation of complex mixtures 
of chemical compounds.  The versatility comes from the 
separation ability, efficiency, sensitivity and low detection 
limits of advanced technologies. In chromatography, a 
mobile phase carries the analytes through a stationary 
phase. Mixture of analytes separates into individual 
compounds depending on the differences in migration 
rates of the analytes.

Chromatographic techniques are divided mainly 
into two, as column chromatography and planar 
chromatography depending on the physical method of 
separation. It is further classified into four categories as 
partition, adsorption, ion exchange and size exclusion. 
Adsorption chromatography is of two types as liquid-
solid chromatography and gas-solid chromatography, 
where mobile phase is a liquid and a gas, respectively. 
In partition chromatography, stationary phase is a liquid 
supported on an inert solid. Partition chromatography 
is also further classified into two as liquid-liquid 
chromatography, when mobile phase is a liquid, and gas-
liquid chromatography, when mobile phase is a gas. Ion 
exchange is a liquid chromatographic technique which 
is used to separate and quantify ions in a matrix. 

The ions found in environmental matrices may get 
ingested to human body through food chains and 
drinking water. The World Health Organization has 
established threshold levels for ions in environmental 
matrices. If the ion concentration exceeds the threshold 
level, then it is identified as a system which may impose 
a threat to human health and the ecosystem. Therefore, 
ion levels in environmental compartments should be 
monitored regularly. Due to the high sensitivity and 
the separation ability, ion chromatography is preferred 
over most of the existing technologies to analyze ions in 
environmental matrices.

In an ion exchange chromatographic column, an ion 
exchange resin coated on a porous, insoluble solid 
functions as the stationary phase. Ion exchange resins 
are high molecular weight polymers which contains ionic 

functional groups. Cation exchange resins are mainly of 
two types. (Figure 1) Strong acid type exchangers which 
consist of sulfonic acid groups (-SO3

‒H+), and weak acid 
type exchangers which consists of carboxylic acid groups. 
(-COOH). 

 

Figure 1: Sulphonated polystyrene cation 
exchange resin.

The chemical reaction for the exchange of cations can 
be given as below.

 

Where, MX+ is the cation, and R is the part of a resin 
molecule containing one sulfonic acid group.

Anion exchange resins are also of two different 
types. Strong base anion exchangers have quaternary 
ammonium groups [-N(CH3)3+OH‒] and weak base 
anion exchangers have secondary or tertiary amines. 
(Figure 2)
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Figure 2: Polystyrene anion exchange resin with 

quaternary ammonium groups.

The chemical reaction for the exchange of anions can be 
given as below.

 
Where, AX‒ is the anion, and R is the part of a resin 
molecule containing one quaternary ammonium group.

Conductivity detectors are used in ion exchange 
chromatography in order to detect charged ionic species. 
Conductivity detectors possesses several advantages in 
this technique such as high sensitivity, being universal 
for charged species, responding in a predictable way to 
concentration changes, simplicity, ease of miniaturization, 
low cost of maintenance and durability.

Ion exchange chromatographic technique can be 
classified into two as single column ion chromatography 
and suppressed ion chromatography. In single column 
ion chromatography, only a single analytical column is 
used for separations.  However, in this technique, base 
line fluctuation is high. For example, in anion exchange 
chromatography, NaHCO3 is usually used as the mobile 
phase. Due to the high conductivity of Na+ ions, the 
detector produces a high signal corresponding to the 

Na+ ions. Therefore, the baseline of the chromatogram 
shifts up. This causes the analyte peaks to appear smaller, 
incorporating a significant error in the peak integration. 
In order to avoid the above problem, the scientist Bauman 
introduced a suppressor column in 1971. 

Suppressed ion exchange chromatography

 

Figure 3: Block diagram of a suppressed ion exchange 
chromatography.

The suppressor column is used after the analytical column, 
and the mobile phase with analytes after eluting from the 
analytical column, enters the suppressor column. For 
the anion exchange discussed above, the reaction for the 
suppressor column can be given as follows.

 

In anion separations, the suppressor column uses a 
cation exchange resin. Sodium ions from the mobile 
phase bind to the resin. The protons in the resin get 
released to the mobile phase and combine with the 
HCO3‒ liberating carbonic acid. Since carbonic acid 
is a very weakly dissociating species, the conductivity 
detector produces only a weak signal for carbonic acid. 
Therefore, the baseline does not shift to a significant 
height. Due to this reason, when the suppressor column 
is used, the base line noise is minimized and the signal 
to noise ratio is improved. The analyte peak is visible 
with a significant height with increased efficiency and 
the detection sensitivity of the system increases. The peak 
area integration includes less error than when a single 
analytical column is used. Therefore, the concentration 
determinations of the analytes are more accurate when 
a suppressor column is used.

However, the surface of the resin in the suppressor column 
can get saturated with Na+ ions. At this moment the base 
line may shift up again. Therefore, the suppressor column 
is washed with an acid with suitable time intervals in 
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order to regenerate the stationary phase surface of the 
suppressor column.

Problems: 

1. Write down the existing methods for anion analysis.

2. State the advantages of ion chromatographic 
technique over other existing techniques for ion 
analysis.

3. Write down the chemical reactions relevant to 
the separations of cations using suppressed ion 
chromatographic technique.

4. Briefly describe how the micro membrane 
suppressors would operate in ion exchange 
chromatography.

5. Provide six applications of ion exchange 
chromatography.

Student Corner

 Introduction to Organic Reaction Mechanisms
Susanthi Jayasinghe

Senior Lecturer, Department of Chemistry, Faculty of Science, University of Peradeniya

Organic reactions are chemical processes that involve 
organic substances. The fundamental types of organic 
chemistry reactions include substitution reactions, 
elimination reactions, addition reactions, redox reactions, 
pericyclic reactions, and rearrangement reactions.

A reaction mechanism is a step-by-step series of simple 
reactions that allows for overall chemical change occurs. 
Every organic reaction involves both an Electrophile and 
a Nucleophile.

Let’s find out what is a nucleophile?

A nucleophile is a substance that can donate an electron 
pair during a process. The word "nucleophile" means 
nucleus loving and denotes that it targets areas of the 
substrate molecule with low electron  densities (positive 
centers). A nucleophile can be represented by a general 
symbol Nu. Nucleophile acts as electron source for arrows 
making new bonds in writing reaction mechanisms. 
These could be neutral molecules with unbound electron 
pairs or negative ions, such as carbanions and some 
example of nucleophiles are Cl‒, Br‒, I‒, CN‒, OH‒, RCH2

‒, 
NH3, RNH2, H2O, ROH.

What is an Electrophile ?

An electrophile is a substance that can accept a pair of 
electrons during a reaction. The word "electrophile," 
which means to "electrons-loving," denotes that the 
substance reacts with areas of the molecule with a high 
density of electrons (negative centers). Electrophiles are 

deficient in electrons and  the general symbol E+ can 
be used to denote an electrophile. Electrophile serve as 
sinks for these arrows in writing reaction mechanisms.

These could be neutral molecules with electron-poor 
centers or positive ions, such as carbonium ions and 
examples include H+, Cl+, Br+, I+, NO2

+, R3C
+, +SO3H, 

AlCl3, and BF3.

A molecule or portion of a molecule that acts as a source 
for such arrows is said to be nucleophilic, whereas a 
molecule or portion of a molecule that acts as a sink for 
such arrows is said to be electrophilic.

Success in organic chemistry classes depends on the 
student's ability to write an organic reaction mechanism 
properly. Arrow pushing is a method used by organic 
chemists to represent the flow or motion of electrons 
during chemical processes.

What Is an Arrow Pushing?

Arrow pushing demonstrates how to convert A into B 
while giving us a thorough understanding of how the 
products are made. Arrow pushing takes electrons from 
nucleophile to electrophile.

There are few important points to bear in mind when 
writing an organic reaction mechanism:

1: The movement of electrons is showed by using arrows. 

There are two different types of arrows (double sided 
arrowhead and single sided arrowhead) used in writing 
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reaction mechanisms. A regular arrow or a double-sided 
arrow is used to show the movement of two electrons, 
while a line with a single-sided arrowhead which involved 
in radical reactions is used to demonstrate single electron 
movement.

Two 
electron 

movement

One 
electron 

movement

Double-sided 
arrowhead Single-sided 

arrowhead
 

2: An arrow never be used to represent an atom's 
movement. The arrows indirectly depict atom moment 
along with bond formation and breaking. 

Let’s consider following reaction in which a proton is 
transferred from the relatively acidic H-Cl molecule 
to the comparatively basic methoxide anion. In this 
reaction nucleophile is the basic oxygen atom of the 
methoxide anion and electrophile is the relatively acidic 
proton of HCl. One arrow (labeled "a" in the diagram) 
is used to represent this process. It begins at a pair of 
unpaired electrons on the basic oxygen atom of the 
methoxide anion and goes to the acidic H atom of H-Cl 
to represent the formation of the new bond. A second 
arrow (arrow "b") begins at the line that represents 
the H-Cl bond breaking, and points to the Cl atom to 
indicate the formation of a lone pair. The arrows show 
how the relevant electrons are moving while the proton 
is transferred between molecules in this process. 

H3C O H Cl H3C O H Cl

a
b

+ +
Correct use of arrows to
indicate electron 
movement during reaction

 

Students frequently make the error of writing an arrow 
that incorrectly points from the H of the H-Cl to the O 
atom of the methoxide anion. This is incorrect since an 
arrow like that would be showing the movement of the 
H atom, not the movement of an electron.

H3C O H Cl H3C O H Cl

a

b
+ +

Incorrect use of arrows !
Never use arrows to 

indicate atome movement

X 

We begin the arrow at the electron pair and conclude it 
at an electron deficient atom in order to form a bond. 
We have the option of creating a new single bond, double 

bond, or triple bond. Always draw the arrow pointing 
in the direction that the electrons will move. In other 
words, always start the arrow at the atom with the most 
electrons rather than the one with the few.

3.  Arrows always start at an electron source (nucleophilic 
atom) and end at an electron sink (electrophilic atom).

Electron Sources and Sinks:

An electron source is a bond or a lone pair of electrons. 
It is either a π bond or a lone pair on an atom of relatively 
high electron density in a molecule or ion, or a bond 
that must break during a reaction. Nucleophiles act as 
electron sources for arrows making new bonds.

An electron sink is an atom on a molecule or ion that can 
accept a new bond or lone pair of electrons. Electrophiles 
serve as sinks for these arrows.

In the given example 1, electron source is the O atom of 
the methoxide anion and electron sink is the relatively 
electropositive proton of the HCl. Arrow start from the 
lone pair electrons of the O and end at the proton. In the 
example 2, the electron source is the π bond of the olefin 
and the electron sink is the proton of the HBr.

H3C O H Cl H3C O H Cl

a
b

+ +
Electron
 source

Electron
 sink

H Br H

Electron 
source

Electron
 sink

+ + Br

Electron 
source

Electron
 sink

Ex 1:

Ex 2:

 

Identification of the electron source and the sink for the 
given step is very import. One reaction could have several 
steps. Each and every step, arrow will be starting from the 
electron source and end at the electron sink. For example, 
for arrows that depict the formation of new σ bonds, 
the electron source is often readily identified as being a 
lone pair on the most electron rich atom of a molecule 
or ion, and the electron sink is readily identified as the 
most electron poor atom of a molecule or ion. Thus, 
the prediction of electron sources and sinks could be 
achieved concerning the differences in electronegativity 
between atoms which allow you to identify partial and 
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formal negative and positive charges in molecules.

Making a new bond to an electrophilic atom often 
requires the simultaneous breaking of one of the bonds 
present at the electrophilic atom in order not to violate 
octet rule for an atom (remember that the 'octet rule' 
tells us that elements in the second row of the periodic 
table can have a maximum of eight valence electrons)

4. Breaking a bond of an electrophilic atom is required 
in order to avoid overfilling valence (hypervalence) on 
an electrophilic atom.

In the given example below, the bond that is being broken 
serves as the electron source for the arrow (arrow b), 
and the sink is an element that can accept the electrons 
as a lone pair, typically an electronegative atom like an 
Cl atom (halogen) or oxygen. Resonance delocalization 
or other stabilizing interactions are frequently used to 
stabilize newly formed ions.

H3C O H Cl H3C O H Cl

a
b

+ +
Electron 
source

Electron
 sink

Bond being broken on 
sink atom

 

When seen in the context of the third rule, the methoxide 
O atom is the electron source or the (the most negatively 
charged atom) and the H atom of HCl is the electron sink. 
The H-Cl bond needs to be broken (arrow "b") in order 
to prevent the reaction from overfilling the valence of 
the H atom. By doing this, the chloride anion is formed.

Most of the organic reactions follows very similar 
patterns of arrows and hence it is worth to identify the 
common steps that present in many organic reactions. 
Following are some examples for such common patterns.

1. Add a proton - Most of organic reactions are acid or 
base catalyzed. If a strong acid is present and nucleophilic 
atom is available, we could start the mechanism with 
addition of proton as follows.

O

OH H

H

O
H

O
HH

+ + 

2. Take a proton away - When the molecule has a 
strongly acidic proton or there is a strong base is present, 
use this element. 

CH3CHCH3

O
H H

O
HH

+

CH3CHCH3

OH OH H

H

+

 

3. Make a new bond - When there is electrophile and 
a nucleophile is present make a new bond between a 
nucleophile (source for an arrow) and an electrophile 
(sink for an arrow). 

 

CH3

H3C H

O
HH

+

H3C

H

O

CH3

H H

water
(neucleophile)

Isopropyl cation
intermediate 
(an electrophile)

4. Break a bond -When this is no suitable electrophile or 
a nucleophile or, proton transfer reaction, break a bond 
so that relatively stable molecules or ions are created.  

CH3

H3C Br

H3C
CH3

H3C CH3

+ Br

tert-butyl cation 
intermediate

tert-butyl bromide

 

Let’s write mechanism for following epoxide opening 
reaction.

Me Me

O

HBr
Me

Me
Me

OHBr

Me

H

H

 

In this reaction epoxide and HBr is given as the starting 
materials. We need to identify what molecule will act 
as the nucleophile and electrophile.  Here the O of the 
epoxide could serve as the nucleophile, while the relatively 
acidic proton of HBr could serve as the electrophile.

Then we could apply the common step” add a proton” 
for the first step of this reaction mechanism. In order to 
prevent the hypervalancy at H, H-Br bond is broken and 
will provide stable bromide anion.
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Me Me

O

H
Me H

Br

Me Me

OMe H

H

Br+
C1 C2 C2C1 1st step

 

As you could see in the second step, C1 or C2 has to act 
as the electrophile and bromide will be the nucleophile.  
However, bromide could not attack at the sterically 
crowded carbon center and then common step” break a 
bond “could be applied in this step.   Breaking of C1-O as 
well as C2-O bond are possible. However, the formation 
of the most stable tertiary carbocation at C1 will be much 
faster than the formation of C2 secondary carbocation 
and hence bond breaking at C1-O will be happened.

Me Me

OMe H

H

C2C1

Me Me

Me H
C2C1

OH

2nd step

 

In the next step we have electrophilic carbocation and 
bromide nucleophile, which could make bond easily to 
provide the given product.

Me Me

Me H
C2C1

OH

Br
Me

Me

OHBr

Me

H 3rd step 

Common Mistakes in Arrow Pushing 

So far, we have discussed how to write a mechanism 
for a given reaction.  It would be beneficial to know 
the common mistake that students do when writing a 
mechanism. The mistakes given below are the ones seen 
most often in teaching Introductory Organic Chemistry.

Reversing the direction of one or more arrows during 
a chemical step is the most common mistake made by 
students when writing organic reaction mechanisms.

Backwards arrow pushing usually derives from a 
student thinking about the movement of atoms, not the 
movement of electrons. Hence, to avoid this mistake 
it is important to remember that arrows depict how 
electrons move, not where atoms move, within or 
between chemical structures. Further, one can avoid this 
mistake by remembering that every arrow must start at 
an electron source (a bond or lone pair) and terminate 
at an electron sink (an atom that can accept a new bond 
or lone pair).

In this example, incorrect and correct mechanisms are 
shown.

OH

H
O

H

H O
H H

H
O

H
+ +

OH

H
O

H

H

+

Incorret Correct

This arrow shows the 
movement of H atom not the 
electrons from sourse to sink.

This arrow shows the 
movement electrons from 
sourse to sink.

A second common mistake in writing arrow-pushing 
schemes is to not use enough arrows. This usually results 
from not keeping track of all lone pairs, bonds made, or 
bonds broken in a mechanism step. In other words, if you 
analyze exactly the new position of electrons resulting 
from each arrow, missing arrows will become evident. 

In the following example we compare two arrow-pushing 
scenarios, one of which is missing an arrow.

In the incorrect scheme there is no arrow that indicates 
breaking of the C=O bond of the reactant and formation 
oxide anion. Note that when an arrow is missing, the 
result is commonly too many bonds and/or lone pairs 
on one atom (see the next section on hypervalency) and 
not enough bonds or lone pairs on another. The correct 
mechanism arrow b is used to prevent the problem.

Incorret
O

CN

O

CNThis leads to a 
hypervalent C atom

Correct
O

CN

O

CN

Now there are 
fourbonds on 
this carbon

Five bonds 
on carbon

Requre second arrow b 
to avoid the problem 
with hypervalancy

a

b

  

Hypervalancy is another mistake which could be resulted 
by forgetting to count all lone pairs of electrons, or the 
number of hydrogens present or making more bonds than 
an atom could accommodate. The following examples 
show a negatively charged nucleophile incorrectly 
adding to the formal positive charge atoms. This may 
look correct because atoms with positive and negative 
charges are being directly combined, but when counting 
bonds and lone pairs of electrons, it is found that each 
atom (in this case O or N) end up with higher number 
of valance electrons. Hence, this is a mistake. 

OMe

Me

Me

Nu

O
H

Nu

N
H

Nu
H

H H
N

H

HNu

OMe

Me

Me

Nu

O
H

Nu

N
H

Nu

H

H H
N

H

H

Nu

Incorrect

Correct

 

Following example shows another common way that 
the students mistakenly end up with a hypervalent atom 
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by forgetting the presence of hydrogens that are not 
explicitly written. In the incorrect structure the arrow 
drawn depicts the formation of a new bond to a carbon 
that already has four bonds. In the correct structure once 
the lone pair electrons of the oxygen moved, π bonding 
electrons of the olefin also moved to form anion. 

O OO O

Incorrect

H
H

This arrow is 
incorrect because it 
leads to hypervalent C

Correct

 

 

Mixed media errors are also very commonly identified 
mistake in writing mechanism. Acids and bases are 
catalysts, reactants, products, and intermediates in many 
organic chemistry transformations.  However, we found 
generation of strong acids in a reaction mechanism, when 
a reaction has performed in strongly basic media or 
generation of strong base when a reaction is performed 
in strongly acidic media; which is an error. In strongly 
acidic media, all the intermediates and products will be 
either neutral or positively charged, while in strongly 
basic media, all the products and intermediates will be 
neutral or negatively charged.

H3C OCH3

O

H3C OCH3

OHO

H

H3C

O

OH

H

OCH3
+

H3C OCH3

O

H3C OCH3

OHO H

H3C

O

OH

H

HOCH3+

H

O
H H

H3C OCH3

OHO

H

H

Incorrect creation of 
a strong base in 
acidic media.

Correct

 

In the above example strong base methoxide is generated 
in acidic media is a commonly found error in writing 
mechanisms and the correct way is to generation of 
neutral MeOH as shown in the scheme.

Let’s write a mechanism for another reaction given below.

O

O

H

H

O
H

 

In this reaction two O atoms are available that could serve 
as the nucleophile and proton act as the electrophile.  

Note that only one O will be reacting as the nucleophile. 

If a reactant has more than one functional group which 
can donate a pair of non-bonded or pi electrons, аn 
inspection of the structures of reactant and products will 
usually reveal which functional group will react initially.

Here, while a pair of non-bonded electrons can be 
donated by either oxygen (OH), the reaction takes place 
preferentially at the one that leads to the more stable 
benzylic carbocation (B) as opposed to the less stable 
primary carbocation (A).

O

O

H

H

H

O

O

H

H

O

O

H

H

H

H

O

O

H

H

H

OH

A

O H

stable benzylic 
carbocation

B

 

In the next step, intramolecular cyclization followed by 
the loss of proton provide the desired product.

O H
O

H

O

 

Problems:

1. write arrow pushing mechanisms for following 
reactions.

O

NaOEt

Br
O OEt

OCl
OH NaH

(i)

(ii)

(iii)

OH

H

H2O

O
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