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Abst ract .  There is a st rong correlat ion between energy, the environment  and sustainable developm ent .  
I n an ideal wor ld,  a society seeking sustainable development  must  ut ilize only energy resources which 
have lit t le or  no environmental impact .  Technological changes such as energy savings on the demand 
side, efficiency improvements in energy product ion, and replacement  of fossil fuels by renewable energy 
are t ypical st rategies for  sustainable energy development .  This research paper discusses the concept  of 
sustainable energy, energy efficiency, and the role of carbon sinks in climate change using Ghana as a 
case study. Internat ional agreements and st rategies for  addressing climate change in Ghana are also 
discussed.  
Key W ords :  sustainable, climate change, energy, fossil fuels,  carbon sinks, zero-carbon economies.  

 
 
I n t roduct ion .  Energy is undeniably one of the m ajor challenges facing the world today 
as it  touches on all facets of our lives (Adam  et  al 2013) .  There is a universal agreem ent 
in both the scient ific and developm ent  com m unit ies with regards to the significance of 
energy as a catalyst  for developm ent  at  global, nat ional,  and local levels (Kankam  & 
Boon 2009) .  Access to energy, especially m odern sources, is essent ial to the realizat ion 
of any developm ent  init iat ive and it  is vital to figure out  the determ inants dr iving their 
usage in developing count r ies like Ghana (Adam  et  al 2013) .  The m ajor global energy 
challenges, according to Gyam fi et  al (2015)  are:    

-  securing a sufficient  energy supply to m eet  growing dem and;  
-  providing everybody with access to energy services;  
-  cont rolling energy’s cont r ibut ion to clim ate change. 
In developing count ries, access to cheap and dependable energy services is 

essent ial to poverty reduct ion, health im provement , increase in product ivit y,  boost ing 
com pet it iveness and prom oting econom ic growth (Gyam fi et  al 2015) .  Kem ausuor et  al 
(2011)  suggest  that  the need to secure future energy in the form s of elect ricity and 
m odern cooking fuels is perceived as crucial to the at tainm ent  of the Millennium 
Developm ent  Goals,  part icularly poverty reduct ion, promising im proved educat ion, 
health,  water supply and environm ental sustainability .   

In this report ,  the researcher crit ically evaluates:   
-  the role of carbon sinks in clim ate change;  
-  the concept  of energy efficiency and zero-carbon econom ies;  
-  the concept  of sustainable energy using Ghana as a case study;  
-  internat ional agreem ents and st rategies em ployed by Ghana t o address clim ate 

change. 
 
Clim ate  change and carbon sinks .  Munasinghe (2010)  describes clim ate change as an 
em erging issue of m ajor global concern for everyone in the universe. I t  threatens to 
aggravate the int im idat ing problem s of developm ent  we face today like poverty,  food 
security,  diseases, and water and energy scarcit ies.  In Darfur,  where several hundred 
thousand people have died in recent years, clim ate change has already intensified water 
and land shortages (due to increasing desert ificat ion) ,  undermined agriculture, and 
incited conflict  for these scarce resources am ong the poor.  Many Pacific islands (and the 
Maldives)  -  only cent im et res above sea level are often threatened with torrent  by rising 
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seas on the other side of the globe. In the distant  north,  m elt ing of the sea ice is 
affect ing polar wildlife,  and undermining the already t ricky livelihoods of nat ive people 
(Munasinghe 2010) .    

Clim at ic condit ions are constant ly changing in recent  t im es, which affects 
livelihood. A num ber of reasons can be assigned to these constant  clim at ic changes but 
m ost  im portant  of all is global warming which is prim arily caused by the emission of 
Green House Gases (GHG). GHG in the atm osphere include;  nit rous oxide, m ethane, 
carbon dioxide (CO2) ,  chlorofluorocarbons (CFCs)  etc. Out  of these gases, CO2 
cont r ibutes 50%  to global warming m aking it  the biggest  culprit  (Niharika & Arvind 
2014) .  Although the m ain hum an source of GHG em ission is com bust ion of fossil fuels for 
energy generat ion, non-energy em issions ( including from  agriculture and land-use 
changes)  cont r ibute m ore than a third of the total GHG em issions worldwide (McMichael 
et  al 2007) .   

According to Canadell et  al (2007),  the growth rate of atm ospheric CO2 reflects 
the balance between anthropogenic carbon emissions and the dynamics of a num ber of 
terrest rial and ocean processes that  rem ove or em it  CO2. There has been a substant ial 
change in global carbon balance with m ajor increases in anthropogenic emissions and 
changes in land and ocean sink fluxes due to clim ate variability  and change (Canadell et  
al 2007) .  The ocean covers 70%  of the Earth’s surface and contains about  50 t im es m ore 
soluble inorganic carbon than the atm osphere. The flow of CO2 between these two 
geophysical fluids is quant ifiable,  averaging approxim ately 100 Pg per annum . During 
glacial periods, for instance, the ocean serves as the m ajor sink for atm ospheric CO2, 
while during glacial- interglacial t ransit ions, it  is a source of CO2 to the atm osphere 
(Raven & Falkowski 1999) .   

Lewis et  al (2009)  postulate that  the response of t errest rial vegetat ion to changing 
clim at ic condit ions is pivotal to the predict ion of future levels of atm ospheric CO2 due to 
the carbon-densed and highly product ive nature of the forest .  Old-growth forests rem ove 
carbon dioxide from  the atm osphere at  rates that  vary with clim ate and nit rogen 
deposit ion. The sequestered CO2 is stored in live woody t issues and slowly decom posing 
organic m at ter in lit ter and soil (Luyssaert  et  al 2008) .  I t  is est im ated that  the t ropical 
forest  stores 40- 50%  of carbon in terrest r ial vegetat ion and processes approxim ately six 
t imes as m uch carbon through photosynthesis and respirat ion as hum ans emit  from  fossil 
use, m aking the t ropical forest an essent ial com ponent  of the global carbon cycle (Lewis 
et  al 2009) .   
 
Energy e fficiency and zero- carbon econom ies .  Due to growing public concern over 
the im pacts of anthropogenic carbon emissions, the term s ‘‘Carbon Neut ral’’ and ‘‘zero-
carbon’’ have significant ly increased in response to concerted efforts to reduce carbon 
em issions (Kennedy & Sgouridis 2011) .  

Energy efficiency is the m ost  cost -effect ive way of reducing CO2 emissions and 
im proving households and businesses. I t  can also have m any other addit ional social, 
econom ic and health benefit s,  such as warm er and healthier homes, lower fuel bills and 
lower cost  of running businesses (Om er 2008a) .  Although environm ental issues have 
generally influenced developm ents in the energy sector for som e t im e, clim ate change 
poses a different  kind of challenge ent irely.  World populat ion is expected to double by 
m id-21st  century,  and econom ic developm ent  will certainly cont inue to r ise. Global 
energy dem and is expected to increase by 2050, with prim ary energy dem and expected 
to increase by 1.5-3 t im es. Concurrent ly,  energy-related environm ental concerns such as 
acid precipitat ion, st ratospheric ozone deplet ion and clim ate change are likely to increase 
(Dincer & Rosen 1999) .  Globally,  buildings account  for approxim ately 40%  of the total 
world annual energy consum ption. Most of this energy is used for light ing, heat ing, 
cooling, and air  condit ioning (Om er 2008b) .  A zero-carbon econom y m ay contain zero-
carbon buildings but that  is not  enough. Flexibility  on how to mit igate emissions as well 
as t ighter inst itut ional integrat ion between ut ilit ies, service providers,  cit izens and 
regulatory agencies is essent ial (Kennedy & Sgouridis 2011) .   

Capture of CO2 from  dist ributed sources is often neglected as a viable solut ion to 
the global problem  of CO2 emissions m anagem ent .  Many research are current ly being 
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act ively pursued to find alternat ive m eans of reducing carbon em issions in the t ransport  
sector (Dam m  & Fedorov 2008) .  Carbon Capture and Storage (CCS)  is the m ost  l ikely 
technology to quickly deliver large-scale reduct ions in anthropogenic CO2 emissions 
(Nader 2009) .  CCS involves capturing and storing CO2 at  the point  of generat ion (e.g. on 
the vehicle)  so that  the vehicle could em pty it s CO2 exhaust  at  a final collect ion point . 
Other available opt ions include:  

-  elect ric vehicles – would require elect ricit y t ransfer and storage in bat teries on 
vehicles. The elect ric energy would be converted to m echanical energy and facilitate the 
vehicle’s m ovement  without  any emissions. The energy density and charging t im e of 
bat teries rem ain a barrier;  

-  hydrogen- fueled vehicles – use hydrogen as fuel. I t  requires hydrogen to be 
stored on-board the vehicle at  high pressures or in m etal hydrides and burnt  in an 
internal com bust ion engine or elect rochemically converted to elect ricit y in a fuel cell. 
However,  there are several econom ic and technological barriers such as refuelling and on 
board hydrogen storage;  

-  carbon-neut ral biofuels – biofuels are carbon neut ral (or negat ive)  if they are 
synthesized from  biom ass using renewable energy sources. Lack of resources such as 
land to produce enough energy from  biom ass is a lim itat ion (Dam m  & Fedorov 2008) .  
 
Susta inable  energy ( Ghana ’s renew able  energy potent ia l) . Sustainable energy is 
energy that ,  in it s product ion or consum pt ion, has minim al negat ive im pacts on hum an 
health and the healthy funct ioning of vital ecological system s, including the global 
environm ent  (Om er 2008b) .  I t  can also be described as a form  of energy obtained from  
renewable or inexhaust ible sources.  

In Ghana, a considerable am ount  of energy supply is m et  from  woodfuels 
( firewood and charcoal) ,  account ing for about  71± 1%  of total pr im ary energy supply and 
about  60%  of the final energy dem and. As shown in Figure 1 woodfuel cont ributed about 
72%  of the prim ary energy supply to the count ry in 2008 with crude oil and hydro 
m aking up the rem aining percentage (Arthur et  al 2011) .   
 

 
Figure 1. Prim ary energy supply in Ghana for 2008 (Arthur et  al 2011) .  

 
The huge dependence of Ghana’s energy sector on biom ass (woodfuel),  hydro, and crude 
oil m akes it  less resilient  to the im pacts of clim ate change (Edjekum hene & Cobson-
Cobbold 2011) .  According to a report  presented by Ghana’s Minist ry of Environm ent, 
Science and Technology (2015) ,  renewable energy is site specific and technology-driven. 
Potent ial renewable energy resources in Ghana include:  hydro, solar,  wind, and 
bioenergy. Table 1 evaluates the current  status of renewable energy resources in Ghana. 

Figure 2 shows sm all and m edium  hydro sites in Ghana whiles Figure 3 depicts the 
solar m ap of Ghana.  
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Table 1 
Sum m ary of Ghana’s renewable energy potent ials 

 
Resource Resource potent ial Current  status 

Hydro 
(sm all and 
m edium )  

 

Ghana has an est im ated addit ional 
hydropower potent ial of 2000 MW, of 

which 1200 MW is expected to be 
generated from  proven large hydro 
sources, with the rest  com ing from  

sm all and m edium -scale hydro 
sources. Over seventy (70)  sm all and 

m edium  hydro sites have been 
discovered in Ghana ( Gyam fi et  al 

2015) . 

None of the sm all and m edium  
hydro sites have been exploited 

for power generat ion (Kem ausuor 
et  al 2011;  Gyam fi et  al 2015) .  
Sm all hydro sites not  developed 

due to cheap power from  the 
m ain hydro power plants at  

Akosom bo and Kpong. 

Solar 
 

On average, Ghana receives 4.0-6.5 
kWh/ m 2/ day of solar radiat ion and 
sunshine durat ion of about  1800-

3000 h per year.  Technologies 
available include:  solar crop drying, 

solar water heat ing (e.g. for 
hospitals) ,  solar photovoltaic (PV)  
(e.g. for rural micro-enterprises),  

and solar cooking. 

Over 6000 solar stand-alone 
hom e system s with installed 

capacity of 3.2 MW have been 
installed m ainly for elect rificat ion 

in off-gr id regions. This is 
relat ively low com pared to the 
huge potent ial of the count ry.  

The m ajor challenge is the cost  of 
procuring solar panels. 

Wind 
 

The m onthly average wind speed at  
12 m  is 4.8-5.5 m / s, which shows 

Ghana has adequate wind resources 
for power generat ion (Park et  al 

2009) .  The wind energy potent ial of 
Ghana is est im ated to be 5,600 MW. 

Wind power generat ion has not  
been largely tapped. One of the 
m ajor challenges is how to store 

the energy produced during 
blustery periods. 

Bioenergy 
 

An est im ated 18 million m et r ic 
tonnes of woodfuel is produced 

every year from  the natural forest  
whereas the clim at ic and soil 

condit ions are suitable for large-
scale cult ivat ion of early-m aturing 
t ree species. Apart  from  the wood 
biom ass potent ial of Ghana, the 

count ry produces large volum es of 
crop and anim al residue that  could 
be converted into elect rical or heat  

energy. Starchy crops such as 
m aize, sugar crops such sugar cane, 

and oil crops such as oil palm  are 
available as feedstock. 

Aside the t radit ional uses of 
biom ass for cooking, the m odern 
bioenergy potent ial of Ghana has 

not  been substant ially  tapped. 
However,  som e biom ass- fired co-

generated projects have been 
im plemented in the oil-palm  

indust ry with installed capacity 
of 1,954 kW with an average 

annual product ion of 7.0 GWh. 
The m ajor challenge is how to 

avoid the food- fuel conflict .  
Nonetheless, non- food crop 

feedstock such as jat ropha can 
be prom oted in Ghana. 

Source:  Author.  
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Figure 2. Map showing sm all and m edium  hydro sites in Ghana (Kem ausuor et  al 2011).  
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Figure 3. Solar m ap of Ghana (Minist ry of Energy, Ghana).  

 
Ghana and zero- carbon deve lopm ent  st ra tegy .  The Intergovernm ental Panel on 
Clim ate Change ( IPCC)  has been assessing global efforts to avoid emissions and create 
sinks for GHG, since 2001. The creat ion of carbon m arkets as an inst rum ent  for 
developed count r ies to neut ralize som e of their CO2 em issions is one of the m ajor 
outcom es of IPCC’s act ions (Gonzalez-Est rada et  al 2008) .  There has been num erous 
efforts in the past  on capacity building for carbon m arket  and Clean Developm ent 
Mechanism (CDM) in Ghana but these efforts have  not  yet  resulted in a registered CDM 
project  (Würtenberger et  al 2015) .   

The Governm ent  of Ghana is a signatory to the United Nat ions Fram ework 
Convent ion on Clim ate Change (UNFCCC), and has been an effect ive part icipant  in the 
internat ional clim ate negot iat ions since t im e im m em orial.  Consequent ly,  Ghana’s nat ional 
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act ivit ies in relat ion to clim ate has been form ulated around the internat ional clim ate 
regim e since mid-1990. Ghana is current ly working on it s second nat ional com m unicat ion 
to the UNFCCC including the GHG inventory update after a first  nat ional com m unicat ion 
was m ade in 2001 (Würtenberger et  al 2015) .    

Since 2010, Ghana has init iated a process towards establishing a com prehensive 
nat ional clim ate change policy dubbed the Nat ional Clim ate Change Policy Fram ework 
(NCCPF) . The aim  of the NCCPF is to ensure a clim ate resilient  and clim ate com pat ible 
econom y while achieving sustainable developm ent  and equitable low carbon econom ic 
growth for Ghana (Edjekum hene & Cobson-Cobbold 2011) .  

According to Edjekum hene & Cobson-Cobbold (2011) ,  the Nat ional Clim ate 
Change Com m it tee (NCCC) under the supervision of the Minist ry of Environm ent  Science 
and Technology (MEST)  cam e out  with a discussion docum ent  ent it led Ghana Goes for  
Green Growth (GGFGG) in Novem ber 2010. The docum ent  analyzes what  clim ate change 
m eans for Ghana, and m easures necessary to cont rol low carbon growth, adaptat ion and 
social dim ensions of clim ate change. Although GGFGG does not  set prior it ies for sectors, 
regions, technologies or inst rum ents,the m ot ive is to outset  a nat ional discourse am ong 
key stakeholders that will result  in a general agreem ent  on what  Ghana needs to do in 
order to achieve sustainable developm ent  (Edjekum hene & Cobson-Cobbold 2011) .   

In order to address clim ate change, a num ber of low carbon opt ions have been 
adopted by Ghana. Som e of these opt ions include;  

-  com pact - fluorescent lightbulbs (CFLs) :  in 2007, the Governm ent  of Ghana 
im plemented the free replacement  of 6 m illion t radit ional light  bulbs by CFLs and banned 
the im port  of incandescent  light bulbs as a way of reducing energy consum pt ion 
especially am ong resident ial users. Consequent ly,  in 2009, only 3%  of all lightbulbs in 
the count ry were st ill  incandescent  (Tilburg et  al 2011) .  The project  resulted in a 
significant  elect ricit y savings and it  is est im ated that  a total CO2 savings of m ore than 
100’000 tonnes of carbon dioxide equivalent (100’000 t  CO2e)  was observed in 
2008/ 2009 com pared to previous years (Würtenberger et  al 2015).  

-  refr igerators:  Ghana has inst ituted a program  where old and inefficient 
refr igerators which m ay st ill  be using CFCs as cooling agents can be cashed in for new 
environm entally fr iendly ones (Würtenberger et  al 2015) .  Sim ilar program s are in place 
for the prom ot ion of efficient  air  condit ioners, im proved cook stoves and im proved 
charcoal product ion (Tilburg et  al 2011) .  I n spite of the st renuous efforts by Ghana to 
cont rol clim ate change, there has not  been any explicit  focus on the t ransport  sector.   

Ghana’s efforts to address clim ate change have been hindered by a num ber of 
barr iers in the areas of policy,  regulat ion and finance. Access to reasonable funding to 
help bridge the gap between zero-carbon opt ions and their com m ercial viabilit y is the 
m ost  difficult  hurdle that  has im peded the uptake of cleaner energy and energy efficient 
technologies in Ghana. Other barr iers include relat ively low level of awareness and 
capacity const raints both in project  development  and regulat ion (Edjekum hene & 
Cobson-Cobbold 2011) .  
 
Conclusions .  There are convincing scient ific evidence that  the average tem perature of 
the earth’s surface is rising as a result  of high concent rat ion of CO2 and other GHG in the 
atm osphere. Clim ate change is a realit y and is m ainly caused by anthropogenic factors 
such as burning of fossil fuels.  Clim ate change and developm ent  are closely intertwined. 
The challenges of clim ate change and sustainable developm ent can both be overcome 
although they are two com plicated issues. The huge dependence of Ghana’s energy 
sector on biom ass (woodfuel) ,  hydro, and crude oil m akes it  less resilient  to the im pacts 
of clim ate change. Even though Ghana like m any Afr ican count r ies has som e of the 
lowest  per capita global warming emissions on the planet ,  it  is likely to suffer from  som e 
of the worst  consequences of clim ate change such as droughts,  famine, desert ificat ion, 
and populat ion displacem ent  due to it s vulnerable geography and lesser abilit y  to cope 
with dam age from  severe weather and rising sea levels.  There is the urgent  need for 
Ghana to m ake every effort  to increase energy efficiency by harnessing and ut ilizing 
sustainable energy resources. Apart  from  the convent ional use of biom ass for cooking, 
the m odern bioenergy potent ial of Ghana rem ains untapped. The m ajor challenge to 



AES Bioflux, 2018, Volume 10, I ssue 2. 
ht tp: / / www.aes.bioflux.com.ro 

104 

bioenergy is how to avoid the food- fuel conflict .  Ghana can however overcom e this 
challenge by prom oting non- food crop feedstock such as jat ropha, corn residue such as 
corn stalks and wheat  st raw that  do not  im pact  on food product ion. Solar and wind power 
potent ial of Ghana also rem ain largely unut ilised. The m ajor barr ier to solar energy in 
Ghana is the cost  of procuring solar panels.  I t  is therefore essent ial for Ghana to take a 
m ore holist ic approach to the concept  of cost  and consider the systemic benefit s of 
diversified energy procurem ent  that  m ay com pensate for the addit ional cost  of a 
renewable energy source. 
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