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Execu ve Summary
African factories and businesses suﬀer frequent electrical power outages, and only a third of
Africans have access to reliable electricity at home. This limits economic growth, and life expectancy is
15 years behind developing countries that have made the transi on to universal electriﬁca on. Forced
to cook, light, and heat their homes with wood, charcoal, and animal dung, over 400,000 Africans die
each year from respiratory diseases caused by indoor air pollu on.
Universal electriﬁca on will help solve Africa’s problem of indoor air pollu on, and reduce the
outdoor health risks of the recent “dieseliza on” of Africa. Soot-spewing backup diesel engines kick in
when the grid goes down, and many countries spend more on dirty backup power than on the electrical
grid itself. However, emissions from Africa’s con nuing coal-ﬁred genera on of electricity could at the
same me add to illness and mortality from outdoor air pollu on, as was the case in China’s drama c
30-year transi on to universal electriﬁca on.
Africa is projected to double its electricity capacity in the next 20 years. “Renewable” electricity from
wind and solar with ba ery storage is not mature or reliable enough to meet this demand. Electricity
from natural gas and oil are expected to be part of the solu on, but the infrastructure for moving gas
and oil to power plants is in most countries too costly to build and maintain.
There is a strong consensus among power analysts that Africa’s cheap, abundant, easily transportable coal will con nue to be used on a large scale for electricity. Without modern “scrubbing” and
other technologies to neutralize pollutants, Africa could be trading one health crisis for another.
U.S. policy at present opposes coal-ﬁred electricity in Africa. Obama administra on policies,
based on concern about emissions of the non-pollu ng greenhouse gas carbon dioxide (CO2) and
their possible future impact on extreme weather, con nue to guide U.S. policy. The U.S.-funded World
Bank and African Development Bank no longer support coal plants, preferring plants using natural gas,
which produces about half the CO2 emissions of coal per unit of energy. The U.S. Power Africa program
has taken the same stance. This leaves the construc on of coal plants to China and others who have
scrubbing technology but do not require it in their foreign construc on.
American “new-tech” electricity genera on and pollu on scrubbing is in opera on at the Turk
Plant in Arkansas. A ﬁeld visit and interviews by the CO2 Coali on conﬁrm that the technology virtually
eliminates health hazards from sulfur dioxide, nitrogen oxides, and par culate ma er. Water for the
boiler, cooling for re-use, and scrubbing comes from a nearby dammed river, and much is re-used and
recycled. However, no similar plants are under construc on in America because of the fall in natural gas
prices due to another remarkable American technology, “fracking.”
Could this American technology work in Africa? A er all, Africa is li ered with “white elephants”
– projects that worked well in developed countries but were not transferable to Africa’s physical,
infrastructure, regulatory, poli cal, and economic spheres. The answer is a qualiﬁed “yes” – for a few
test cases at ﬁrst with suppor ve governments with viable plans for maintenance and pricing. The U.S.
Millennium Challenge Corpora on’s “good governance” eligibility standards provide a well-developed
method of ini al assessment.
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Projec ons of climate catastrophe seem unlikely, given the UN’s ﬁnding that there have been no
sta s cally signiﬁcant changes in extreme weather variables to date in the era of CO2-based fear. S ll,
even assuming that alarming projec ons are correct, the near-term beneﬁts of low-cost coal electricity
to African economic opportunity and life expectancy far outweigh its modeled impact. Even under
the most op mis c growth scenarios, Africa would account for less than three percent of total world
emissions of CO2.
The United States should assist Africa in its electriﬁca on with the most reliable and aﬀordable
methods African governments choose. Any other policy would be a life-threatening return to colonialism
– carbon colonialism.

I. Electricity Poverty and Indoor Air Pollu on
China and Sub-Saharan Africa had the same life expectancy in 1960: 44 years. Today, China is at
77, near the U.S. ﬁgure of 79, while Africa has only risen to 61.1 For today’s one billion Sub-Saharan
Africans, this represents a loss of 16 billion years of life for not keeping pace with China.
The story is even more shocking for average personal income. In China, per-capita income (adjusted
for inﬂa on so that a dollar reﬂects the same purchasing power in both eras) rose from $223 in 1960
to $9,628 today, an annual growth rate of 6.6 percent. In Sub-Saharan Africa, income started out much
higher, at $1,305, yet rose at only an annual rate of .7 percent to $1,972.2
A be er measure of a region’s poverty than average income is the percentage of people living in
absolute poverty, which is deﬁned by the World Bank as an income of less than $1.90 per day. In East
Asia, 55 percent of people were absolutely poor in 1990, but only 2 percent are today. In Africa, the
percentage fell only from 61 to 41 in the same period.3
Why the diﬀerence? There is no easy answer, given the tremendous historical diﬀerences between
these regions. However, on the melines for all these variables one can see that Africa experienced a
horriﬁc lost two decades between 1980 and 2000 during a perfect storm of the eﬀects of economic
strain in European trading partners, a prolifera on of ethnic and religious civil wars, corrup on, weak
governmental control, a collapse in mineral and commodity prices, and the HIV/AIDS crisis that devastated Southern Africa and had considerable impact throughout the con nent.4 Conversely, the strong
recovery since 2000 appears to be driven by high export demand and higher prices for minerals and
other commodi es, progress in trea ng AIDS and limi ng the transmission of HIV, increased child
immuniza on programs, and a drama cally reduced number of civil wars.5
Low access to electricity is one of the key causes of Africa’s high poverty levels. The primary reason for
this is that economic growth in a compe ve, global market requires reliable, universal electriﬁca on. A
secondary reason is that, according to the World Health Organiza on (WHO), indoor air pollu on is one
of the world’s greatest environmental health risks.
Globally, WHO es mates that three billion people cook, heat, and light inside their homes with solid
fuels – wood, charcoal, and dried animal dung. The poisons and par culate ma er from burning solid
fuels kill almost four million people a year from pneumonia (27%), heart disease (27%), pulmonary
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disease (20%), stroke (18%), lung cancer (7%), and a variety of impaired immuni es. Half of pneumonia
deaths in children under ﬁve are from soot in the house.6
WHO es mates the African share of these annual indoor pollu on deaths at 439,000.7 Dangerous
levels of indoor air pollu on are almost guaranteed for families without access to electricity. UNICEF
reports that 352 million Africa children live in homes with solid-fuel cooking.8 One leading researcher
told the WHO: “Having an open ﬁre in your kitchen is like burning 400 cigare es an hour.”9
Of the one billion people in the world without access to electricity, the majority are in Africa.10
Nearly all businesses suﬀer from unpredictable ra oning via “brownouts” and even blackouts. Only 43
percent of African households are classiﬁed by the World Bank as having access to electricity, half of the
global rate. In comparison, China now has reached 100 percent. For rural African households, the ﬁgure
is only 25 percent.11
These es mates clearly overcount reliable access in Africa: more than half of surveyed “access”
households in Africa suﬀer mul ple blackouts each week.12 Given the higher number of children in
poorer families, it is more reasonable to accept the es mate by U.S. Power Africa that only about a third
of Africans have access to reliable electricity.13 Power Africa further es mates that 600 million people
will s ll lack coverage in 2040, and that rural access will, under current policies, rise to only 40 percent.
Millions of women and children would con nue to walk many miles a day to gather not just water but
wood for indoor burning, adding to deforesta on.
The World Bank explains that because poverty causes low consump on and payments, electricity in
Africa is far more expensive than in the far wealthier United States: “Currently, the unit cost of electricity
to consumers in many countries in Africa is more than double the cost in high-income na ons such as
the United States (US$0.12/kWh) … In many African countries, it would cost more than 10 percent of per
capita GDP to power a refrigerator for a year, a far larger share of most households’ income, considering
income inequality.”14 Clearly, universal electricity is one of Africa’s most pressing human needs.
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II. Electricity Genera on and Outdoor Air Pollu on
As African governments seek to increase access to electricity to tackle the con nent’s life expectancy
shor all, there is a risk that a coal-ﬁred solu on that reduces the indoor air pollu on problem might
also aggravate the outdoor air pollu on problem. However, there is certainly one important way in
which any broader and be er grid would help in the ﬁght against outdoor air pollu on: it would end the
“dieseliza on” of Africa in recent decades, as demand for electricity has outstripped supply.
In factories, businesses, government buildings, and wealthy neighborhoods in every African country,
a cacaphonous symphony of soot-spewing backup diesel engines erupts when the grid goes down,
which is usually every day. CO2 Coali on staﬀ have witnessed the perverse results of an unreliable grid
all over the con nent:
 In Sudan, despite the genera on of 30 percent of electricity from dams on the Nile, diesel pumps
run constantly to li river water for irriga on, even at the conﬂuence of the Blue and White Niles
in Khartoum.
 In Nigeria, hotels ban guests from jogging because of the danger of breathing in the soot from
their diesel backups, which kick in every few hours as the neighborhood goes dark.
 In Southern Africa, construc on sites o en don’t even bother hooking up to the grid. To avoid
blackouts they simply acquire and line up mul ple generators and run them all day, ﬁlling the
nearby streets with a noxious cloud.
 In universi es throughout the con nent, the size of the diesel engine goes up and the temperature
of the oﬃce goes down as the status of the user rises. Students sit in s ﬂing classrooms, professors
get a fan in their oﬃce, department chairs get an old air condi oning window unit, and the
president sits in meat-locker condi ons as a dedicated industrial-scale diesel hammers away
outside, drowning out conversa on.
According to the World Bank’s Interna onal Finance Corpora on, in many African countries there is
more spending on dirty backup power than on the electricity grid itself. In West Africa, backup kilowa s
equal 40 percent of grid kilowa s.15
S ll, even with the health beneﬁts of ending dieseliza on, emissions of the pollutants sulfur dioxide,
nitrogen oxides, and par culate ma er like soot from the coal-ﬁred component of the expected
genera on of addi onal grid power could also add illness and mortality from outdoor air pollu on. This
was certainly the case in China’s drama c 30-year transi on to a func oning energy economy.16 China
has recently developed modern scrubbing technology for its new plants and as “retroﬁts” for old plants.
Over 80 percent of all plants in China now have scrubbers, versus none, at present, in Africa.17 However,
many experts report that plant operators o en turn them oﬀ to save money, power, and staﬃng.18
How big is the health problem of outdoor air pollu on? According to WHO, globally it is just as
big a problem as indoor air pollu on, at four million deaths per year.19 So far, Africa’s weak electricity
genera on has kept its outdoor annual death toll (258,000) lower than its indoor one (439,000).20
However, the outdoor toll is rising, from 164,000 in 1990, as genera on increases, and will con nue to
rise if addi onal power is not provided in a cleaner fashion.21
5

It would obviously be preferable to add electricity in a way that drama cally reduces the pollutants
that coal plants emit. However, even increasing African electricity without improving pollu on controls
would save African lives. Typical of “climate change” research that focuses only on one side of costbeneﬁt analysis, a 2020 paper by Lelieveld et al. concluded that elimina ng fossil fuels would add one
year to global life expectancy.22 This analysis ignores deaths from indoor air pollu on, and the fact that
if fossil fuels were banned, far more expensive, far less reliable wind and solar grids would be needed to
meet even current demand. That would raise prices and reduce exports and economic growth, and life
expectancy is strongly inﬂuenced by economic growth.
Complete reliance on intermi ent wind and solar energy would increase brownouts and blackouts and back-up “dieseliza on” in unreliable grids like Africa’s. Without ready fossil-fueled backup
power, the grids would collapse daily, at great cost to restart and repair. Finally, because the mining,
reﬁning, construc on, and transporta on of wind blades, solar panels, and ba eries are so fossilfuel intensive, wind and solar power genera on would add the very pollutants to the atmosphere
that a ban on fossil fuels is intended to eliminate. In this sense, there is nothing renewable about
“renewable” energy.

Africa’s Electricity Mix, Present and Future
Africa is projected to double its electricity capacity in the next 20 years. At present Sub-Saharan
Africa uses 372 billion kilowa -hours of electricity for its one billion people. For comparison, the United
States has a consump on rate that is 34 mes higher per capita, with 4.118 trillion kilowa -hours being
shared by 330 million people. South Africa accounts for 58 percent of Sub-Saharan consump on, versus
only 20 percent of Sub-Saharan income.23
Countries in Central and Northeastern Africa that have major rivers, par cularly the Congo and the
Nile, primarily use hydropower for electricity. West Africa’s electricity comes primarily from abundant
oil, diesel, and recently gas-ﬁred genera on. Egypt and Ghana, among others, have added signiﬁcant
natural gas electricity to their mix.
Electricity from new natural gas ﬁnds and new and exis ng oil ﬁelds are expected to be part of the
solu on, but the infrastructure for moving gas and oil to power plants is in most countries quite costly
to build and maintain.24 Most gas pipelines in Africa today carry gas from its source to export terminals
on the coasts, and so are funded by foreign corpora ons.
If it lacks a viable steel industry, an African country would have to import steel for fabrica on into
domes c pipelines or import the expensive ﬁnished pipe itself. An alterna ve might be the construc on
of gas-ﬁred electrical genera on and various manufacturing plants at the gas ﬁeld. Transmi ng energy
through wires may be easier than moving the gas.
African natural gas produc on is expected to double from 2018 to 2040 to 250,000 MTOE (million
tonnes oil equivalent, a tonne being 1,000 kilograms, or 2200 pounds), and oil produc on to double to
300,000 MTOE.25 Most of the gas and oil, though, will con nue to be exported to earn foreign exchange.
Hydropower will quadruple, but only to about 30,000 MTOE, and nuclear power will remain stable at
around 7,000 MTOE.
6

The so-called renewables – primarily wind and solar – are predicted to soar from virtually nothing
today to match coal at 125,000 MTOE in 2040. However, at present, renewables are not mature or
reliable enough to provide signiﬁcant grid electricity in Africa. Major technological advances and cost
reduc ons in genera on and storage of wind and solar power will be required for this predic on to
be realized.
Tragically, the amount of African energy coming from solid fuels like wood and dung is also expected
to rise by 2040, although falling from a half to a third of total energy. If clean-coal electricity were to be
promoted rather than restricted by developed countries’ policies in Africa, it would take an even bigger
bite out of solid fuels and indoor air pollu on.
The con nent’s total electricity produc on, like consump on, is also dominated by South Africa,
where 93 percent of power is coal-ﬁred.26 As a result, 90 percent of all of Africa’s fossil-fueled electricity
comes from coal. Only two countries in Sub-Saharan Africa use more than 5 billion kilowa -hours
of fossil-fueled power: Nigeria at 25 billion kilowa -hours and South Africa at 220.27 In North Africa,
Morocco has a well-developed coal-ﬁred grid, with coal imported from South Africa and Poland.
Via a regional grid, South Africa also supplies power to its six neighboring countries as well as
Zambia and the Democra c Republic of Congo. At mes, South Africa also imports power from this
grid. Mozambique and Botswana, which are on this grid, have major new coal developments that will
contribute addi onal power to the grid.28
While South Africa produces 90 percent of African coal today (and exports a quarter of it), it has only
69 percent of all African coal reserves, and is expected to account for only 75 percent of African coal in
2040.29 The remainder will come from substan al untapped coal deposits in and around Tanzania in East
Africa, and in the Sahel region of West Africa.30
South Africa has another interes ng use for coal. It has long led the world in synthe c fuels – gasoline,
diesel, and other oils made with coal liqueﬁca on. South Africa produces about 58 million barrels per
year, accoun ng for 23 percent of its oil consump on.31 China is the only other major producer, at 39
million barrels per year.32
Power analysts agree that Africa’s cheap, abundant coal, which is easy to transport, is going to be
used on a large scale for electricity. Despite poli cal and economic pressures on the use of coal, its share
of total world energy increased steadily from 24.5 percent in 1973 to 26.9 in 2018.33 Most of that coal
was used for electricity; about 12 percent was used for producing steel.34
African produc on of coal for power is expected – under current policies in which developed
countries are blocking ﬁnancing for coal-ﬁred power plants – to hold steady through 2040, at about
125,000 MTOE. This will require dozens of new power plants to replace old ones ending service.
Global Energy Monitor counts more than 100 coal-genera on plants being planned in 11 African
countries other than South Africa. Their power would total eight mes the current con nental
genera on from coal. China is expected to ﬁnance and construct half of the new plants.35 Without
modern scrubbing technology, Africa could be trading the indoor health crisis for an outdoor one.

7

III. U.S. Policy Toward African Coal-Powered Electricity
Africa has a deadly health problem arising from an electricity crisis of low access and high cost. As
a ma er of na onal policy, the United States Government is commi ed to helping solve this problem,
both bilaterally through the Agency for Interna onal Development’s Power Africa program, the ExportImport Bank (EXIM), and the Overseas Private Investment Corpora on (OPIC), and mul laterally through
its ﬁnancial contribu on and policy votes at the World Bank and the African Development Bank and
Fund (AfDB).
The World Bank approves new projects totaling about $15 billion annually in Sub-Saharan Africa,
out of its $45 billion global total. In return for its typical annual contribu on of about $1.2 billion, the
United States has a veto-level 17 percent of the Bank’s vo ng power.36 The AfDB lends about $7 billion
annually, and the United States, while a major funder with about $240 million in annual dona ons, has
only about seven percent of vo ng power.
Power Africa receives $70 million annually in U.S. Government funding,37 and uses it to provide
technical support and coordina on to AID, other U.S. agencies, and interna onal donors who carry out
their own energy projects.38 The EXIM Bank provides low-interest loans to American exporters and OPIC
provides investment insurance to American corpora ons, and both have energy projects in Africa in
their por olios.
How has the U.S. commitment to expanding access to electricity in Africa fared? Despite pressure
from both governments and “Green” groups in developed countries, through the mid-2010’s, African
governments were able to prevail upon the World Bank to keep backing already-exis ng coal-ﬁred
projects, and upon the African Development to back new ones. Their posi on was explained by such
leaders as AfDB president Donald Kaberuka, former UN Secretary-General Koﬁ Annan, and South African
Mineral and Energy Resources Minister Samson Gwede Mantashe.
In 2015 Kaberuka said, of pressure from developed countries to ban African coal power: “It is
hypocri cal for western governments who have funded their industrialisa on using fossil fuels, providing
their ci zens with enough power, to say to African countries, ‘You cannot develop dams, you cannot
develop coal, just rely on these very expensive renewables.’… African countries will not listen.”39
Discussing his Africa Progress Panel’s “Lights, Power, Ac on” report in 2017, Annan said: “As our
report clearly states, the costs of transi oning to renewables may be prohibi vely high in the short term
– especially for countries that use their sizeable endowments of coal and other fossil fuels to generate
energy. What we are advoca ng is that African governments harness every available energy op on.”40
In 2019 Mantashe said: “They even want to tell us to switch oﬀ all the coal-generated power sta ons…
un l you tell them, ‘you know we can do that, but you’ll breathe fresh air in the darkness’…. As much
as we intend to u lise the sun and wind resources we have, we intend to con nue to use our fossil fuel
resources, and to increase investment in ... clean coal technologies…. We want to supply energy at a
cost-eﬀec ve level because if it is too expensive I can tell you that it becomes a ‘nice to have’ but people
do not access it.”41
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But by 2019 both funders had given in to the demands of their Western donor governments. The
World Bank had provided no direct lending to new coal-ﬁred projects since 2010,42 and in 2013 it adopted
a formal policy to bar such lending, except where no feasible alterna ve was possible.43 Now it has even
shut oﬀ lending to maintain projects that are already opera ng. It actually lends to help countries close
coal mines and replace coal-ﬁred plants.44 In eﬀect, the World Bank’s response to the problem of indoor
air pollu on is to ignore the simple solu on of electric stoves, and instead back the trendy eﬀorts by
Western NGO’s to supply be er cook stoves.45
This minimalist and unnecessary solu on o en turns out to be no solu on at all. The results of a
large, randomized trial, to its authors surprise, “were unfortunately discouraging: through four years
of follow-up, we found that the stoves did not lead to long-run improvements in health and fuel use
remained unchanged.”46
The African Development Bank, under new president Akinwumi Adesina, announced an end to new
coal projects, saying that, “Coal is the past, and renewable energy is the future…There’s a reason God
gave Africa sunlight.”47
When World Bank President Jim Kim rejected the Bank’s ﬁnal coal-ﬁred proposal in 2018, for Kosovo,
he jus ﬁed his decision by ﬁnding that its electricity would have been more expensive than if it came
from intermi ent solar and wind and was stored in ba eries.48 But these sources are generally far more
expensive than fossil-fueled power – four mes as much, in the United States – when subsidies and
the necessary backup power are factored in.49 The conﬁden al World Bank study only achieved Kim’s
result by assuming be er performance from ba eries than has been achieved, adding “externali es”
to the coal project like health costs, without considering the health beneﬁts of aﬀordable and constant
power, and economically penalizing the proposed coal plant for was ng the “excess” energy that could
be generated from exis ng, dir er coal plants.50
Both banks will con nue to support the addi on of scrubbing technology at coal-power plants, like
the giant Medupi plant in South Africa. During its push for the World Bank loan it eventually received,
despite the Obama administra on’s absten on on the vote, the South African parastatal Eskom had
pledged to add scrubbing early in its opera on. However, a er ten years this step is s ll in the planning
stage.51 In addi on, the banks con nue to loan for the boom in Africa of natural gas projects, pipelines
for gas and oil exports, and transmission lines for electricity from any source. “Green” groups are
targe ng all of these as next steps in their campaign to ban all fossil fuels.52
Ini ated by the Obama administra on, Power Africa never funded coal projects. Instead it focuses,
in order, on natural gas, wind, solar, and hydro.53 Under the Trump administra on, despite the crea on
of a Clean Coal Ini a ve at the Energy Department, the suspension of the an -fossil fuel “Clean Power
Plan,” and departure from the Paris Climate Agreement, no eﬀort was made to reverse the Power Africa,
World Bank, and AfDB decisions to get out of coal power for electricity.
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IV. American Clean Coal Technology: The Turk Plant
American ﬁrms have developed much of the “new-tech” ultra super-cri cal (USC) coal-ﬁred
technology that is now being used around the world.54 USC refers to the higher steam temperature
and pressure achieved from metallurgical improvements in boilers over the “cri cal” temperature and
density at which a liquid becomes a gas. For water, that is 647 Kelvin at 221 bar. This increases the
eﬃciency of the power, so less coal is required to produce the same amount of energy.55
A USC plant uses a variety of pollu on controls to reduce air pollu on. This is known as High Eﬃciency
Low Emission (HELE) design. Here, too, American ﬁrms have developed new technologies, so that 97
percent of pollutants are removed and some can actually be turned into useful commercial products,
like construc on materials.56 By ﬁne-tuning the air quality systems of new-tech power plants, pollu on
controls can achieve reduc ons of up to 99.9 percent.
Coal is rarely reﬁned like other carbon-based fuels. It is usually burned as-is. As a result, if not ﬁ ed
with systems to capture the noxious gases that result from burning the impuri es found in natural
coal, those impuri es are released to the atmosphere. The main pollutants are sulfur dioxide (SO2),
nitrogen oxides (NOx), and par culate ma er (PM) such as soot. The Environmental Protec on Agency
deﬁnes these – along with ground ozone, carbon monoxide, and various compounds of lead – as
“criteria pollutants.” Carbon dioxide, a mild warming gas that is also emi ed by the conversion of coal
to power, is not harmful to people or the environment, so it is not regulated as a criteria pollutant. In
fact, because CO2 is a potent plant and plankton food, emissions from human ac vity have raised global
plant produc vity by about a third.57
The levels of criteria pollutants from a coal plant burning a typical supply of coal are shown by the
tall columns in Figure 1 for the three major pollutants. To the right of the tall columns, much shorter
ones indicate the levels of emissions for a coal plant ﬁ ed with eﬀec ve controls. The numbers on the
ver cal axis are pounds generated per million Bri sh Thermal Units (BTUs) of energy. PM is reduced
from 6.5 pounds to 0.013, essen ally zero. SO2’s 4.4 pounds is reduced to 0.085, and the 0.5 pounds of
NOx to 0.07 pounds.
Figure 1, drawn from Department of Energy data, was published in 2008, 12 years ago. Since then,
the technology to reduce emissions has con nued to improve. Very importantly, the technological
advances have also reduced the cost and complexity of the control systems. The historical trend to limit
criteria pollu on from coal plants is revealed in Figure 2.
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Figure 1
Sulfur Dioxide and Nitrogen Oxide Emissions from Coal-Fired Power Plants
per Btu of Coal Consumption (pounds per million Btu)

Figure 2
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Figure 2 shows that from 1970 to 2006, emissions from coal plants in the United States fell sharply.
This is par cularly impressive because it has primarily been the result of ﬁ ng older plants with new
air quality control systems. New plants today would be far more eﬀec ve, being speciﬁcally designed to
work be er with advanced control systems. Due to the tremendous variability among installed electrical
genera on and manufacturing systems, retroﬁ ng falls beyond the scope of this paper. However, it
may have some applica ons in improving air quality in the African context.
CO2 Coali on Members and staﬀ visited the fully-controlled John W. Turk Jr. power plant in Fulton,
Arkansas, and interviewed personnel at length. When it came on-line in 2012 it was the ﬁrst HELE plant
built in America. The collapse of the price of natural gas due to “fracking” has also made it the only
one built, as new coal plants became uncompe ve. Here are the details gleaned from the visit and
interviews.
Turk was built and is operated by American Electric Power. It is a latest-genera on ultra super-cri cal
600 megawa coal-ﬁred power plant serving Arkansas, Texas, and Oklahoma. Its higher eﬃciency than
the 1970’s designs of most exis ng U.S. plants comes from higher steam temperature and pressure
permi ed in its boilers by advances in metallurgy and welding. There was no single magic bullet in its
technology, but rather just con nuous tes ng and modiﬁca on.
The beneﬁts of USC boilers are not just more electricity, but, because there is less coal burned for a
unit of power produced, also smaller equipment on site and less exhaust ﬂue gas. Down-stream beneﬁts
include less materials for smaller containment vessels, and reduced waste, re-agents, landﬁll, and ash.
The composi on of coals can vary signiﬁcantly. Turk uses low-sulfur coal, delivered by rail from
Wyoming’s Powder River Basin. The plant and its equipment are speciﬁcally designed for this par cular
type of coal, for which AEP has long-term contracts to last the life of the plant. Pu ng in diﬀerent coal,
outside of a narrow range of chemistry, is not prac cal – it would create opera onal challenges and
possibly damage equipment.
The boiler materials are the same as in older plants. The steel used is a blend alloy of iron and other
minerals. Minute changes in the blend aﬀect crystalline structure and hence permit higher temperatures,
improving performance. The boiler is made primarily from American materials, and is fabricated as
much as possible at the factory. Sophis cated welding takes place at the plant, pu ng together pieces
to make boilers and containers. An assembled boiler could not be transported, because it is so huge –
the Statue of Liberty would ﬁt inside. A large number of specialized workers were needed on-site for
the 18-24 month construc on cycle. Turk was more expensive than an older plant, at $1.8 billion, but its
increased produc on has already paid oﬀ the diﬀerence.
Natural gas was $10-15/thousand BTUs when the plant was approved, but now it is at $2-3. So it
has not made economic sense to build more of these plants in the United States. In addi on, improved
eﬃciency, LED lights, and low popula on growth have resulted in only a modest increase in American
demand. Hence, forecasts aren’t showing a need to increase load in the United States.
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High-school graduates, trained by AEP, comprise the vast majority of workers at the Turk plant.
Some engineers are in plant leadership, but it’s this skilled labor that runs Turk. Servicing every two
years shuts the plant for a month of oﬀ-line work on inspec on, wear, and replacement. Problems in
between full servicings include steel boiler leaks, welding, and replacing parts.
It takes perhaps three to ﬁve percent of the plant’s energy to run the pollu on controls, and a high
cost re-agent, limestone, is needed for the scrubber. However, these costs can be balanced by sales
and uses of the waste. Federal and state emissions and eﬃciency standards are enforced by con nuous
monitoring. The readings are provided to regulators so they can cer fy the equipment. And “you can
see or smell” most of the pollutants, so the local community would know too if the pollu on control
systems were not working properly.
Figure 3 is a schema c of an uncontrolled coal power plant where air quality control systems to limit
emissions of post-combus on byproducts have not been installed.58

Figure 3
Figure 4 is a schema c of a controlled coal power plant like Turk, incorpora ng its three sequen al
air quality systems: Selec ve Cataly c Reduc on (SCR) of Nitrogen Oxides, an Electrosta c Precipitator
(ESP) to remove Par culate Ma er such as soot, and Flue Gas Desulfuriza on (FGD) to reduce Sulfur
Dioxide.
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Figure 4
Selec ve Cataly c Reduc on
Using a mix of ammonia gas (NH3) and various catalysts, nitrogen oxides (NOx) are converted to
nitrogen gas (N) and water (H2O), as with the cataly c converters installed in automobiles. Con nual
improvements in technology make SCR systems less expensive and more eﬃcient, resul ng in the
removal of essen ally all NOx. SCR takes place at high temperature, right a er combus on, in a huge
box. It operates like a large-scale cataly c converter from a diesel vehicle. Its vanadium metal alloy
converts the pollutant, a er anhydrous ammonia or urea turns NOx into N2 and water. The now nearly
pollu on-free gas is eventually vented. The technology for the catalyst is sophis cated and proprietary.
Electrosta c Precipitator
An Electrosta c Precipitator (ESP) (Figure 5) collects ﬁne par culate ma er found in coal combus on
exhaust, by means of sta c electricity. ESP gets the ﬂue gas at a lower temperature a er SCR. It, too, is
essen ally a huge box, which lowers the velocity of the gas moving through the system. A series of steel
plates with wires dangling down have an electric charge, which creates a sta c electric ﬁeld. Fly ash
collects on the plates. Hammers strike the plates, and cakes of ash fall. Almost all the ﬂy ash is sold as
a cement subs tute for concrete. Concrete replacement is becoming even more valuable as coal plants
shut down.
Improvements in the design and engineering of precipitators have lowered costs, thereby improving
collec on capacity and eﬃciency. An alternate technology uses “baghouse” ﬁlters, big socks that
catch the small par cles even more eﬃciently. They are higher maintenance, though – a hole in a sock
needs repair.
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Figure 5
Flue Gas Desulfuriza on
Known to the general public as “scrubbers,” Flue Gas Desulfuriza on (FGD) units (Figure 6) u lize
diﬀerent agents to break down SO2, a byproduct of combus on, and convert it to other byproducts
which can then be captured. Scrubbers are complex, costly pieces of equipment, but as with other air
quality systems, innova on and technology are lowering opera ng costs, thus improving eﬃciency. FGD
operates at a lower temperature (below the boiling point of water) and uses wet chemistry to create a
mix of high sulfur, SO2, sulfuric acid, and water. The gas is slowed again in another big box, and water
and limestone are added to create calcium carbonate. The reac on creates a couple percent more of
harmless CO2 and leaves gypsum behind that is sold to nearby wallboard manufacturers.

Figure 6
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Mercury and Toxic Air Standards
The Environmental Protec on Agency regulates Mercury and Toxic Air Standards (MATS). Mercury
is the main toxic trace element found in coal. All three of the air quality systems described above
contribute to removing mercury and other toxic elements from the exhaust stream. Other systems,
such as ac vated carbon, fabric ﬁlters and bromine addi ves, can improve mercury reduc on from
diﬀerent grades of coal.59
Water for the Plant
Coal plants deliver power from steam turbines, and for steam, you need water. Turk can draw up
to 6,500 gallons of water per minute from the Li le River, although it usually uses less. The river was
dammed by the Army Corps of Engineers, and the Turk plant draws amounts to a quarter of one percent
of the river’s ﬂow. Rainwater and recycled water are also gathered in ponds at the plant. Water is used
in the boiler, where it is heated into steam, and in the cooling towers that convert that steam back
into heated “boiler make-up water” for re-use. It is also used in one of the cleaning technologies, the
scrubbing of SO2 in FGD.
Before fresh water can be used at the plant, it must be treated through reverse osmosis. This removes
impuri es that might damage the equipment. The treatment process is less extensive than the process
for power plants that supplement their fresh water with municipal wastewater, brackish ground water
and seawater.
Eventually, re-used water gathers enough impuri es to require storage in lined ponds. The plant is
designed to handle 1,500 gallons of wastewater per minute, but rarely needs to handle that much. The
solid pollutants se le at the bo om of the clay and synthe c-lined ponds, and are dredged up to be
taken to landﬁlls. The water can then be recycled back into use at the plant. Turk does not use water to
remove ﬂy ash, as was the case in older plants. Instead, the ﬂy ash is preserved in dry form, and trucked
to landﬁlls.
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V. Challenges in the African Policy Arena
Can this Turk-style, new-tech genera on and cleaning of coal-ﬁred electricity be successfully built and
maintained in Africa? A er all, the con nent is li ered with “White Elephants” – industrial, agriculture,
and health projects that worked ﬁne in the developed donor country but could not be sustained in
Africa’s poli cal and economic framework. Below we discuss ten major issues that African governments
and foreign donors and investors will need to consider.
Public vs. private ownership
Most grid electricity in Africa – 80 percent – is delivered by “parastatals” – essen ally government
companies.60 This is the opposite of the situa on in the United States, where 72 percent of grid electricity
is delivered by regulated private companies.61 The type of ownership has implica ons for the ability to
plan, invest, price, and maintain power. The Turk plant, for example, required long-range investment and
planning, and a near-certainty that regulators would con nue to approve prices suﬃcient to provide a
proﬁt from the venture.
African governments would be bucking tradi on to approve regulated corporate ownership of
electricity genera on and transmission, but they have done so in recent decades with state-owned
enterprises in other spheres, such as mining, steel-making, food processing, infrastructure, tex les,
telecommunica ons, and cement.62 In addi on, Nigeria sold 15 of its parastatal electricity companies in
the 2010’s.
It is not essen al that new-tech coal genera on in Africa be done by regulated corpora ons instead
of parastatals, but it is certainly worth exploring in various se ngs. Probably the most powerful argument for private ownership is that it provides an incen ve for long-term planning and investment.
South Africa’s parastatal energy giant, Eskom, had great success in the two decades a er the advent of
democracy in 1990 in achieving nearly universal electriﬁca on of urban zones. However, the government
did not provide the long-term ﬁnancing it needed to prepare for replacing equipment. By the mid-2010’s
South Africa began to experience power shortages, and today blackouts are a normal part of daily life.63
Limited access to foreign exchange for spare parts and service contracts
Due to their economic weakness versus the developed world, African governments typically protect
their currencies through an oﬃcial exchange rate. That means that they are not freely conver ble
on an open market, and that imports must be approved from a limited supply. Electricity companies
without other sources of interna onally-conver ble currencies have to line up with other companies
for permission to import.
This creates bo lenecks for the ﬂow of equipment and experts needed to service and maintain
complex, almost always foreign power equipment. A slight delay in ﬁxing a transmission tower or a
boiler can disrupt the en re grid in a na onal system that operates much closer to the supply edge
than in developed countries. Governments can try crea ve approaches, like dedicated foreign bonds,
to try to guarantee a supply of foreign exchange for the energy sector, but there are many other
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sectors that want such a supply as well. For na ons that export fossil fuels, such as Angola, Nigeria,
the Sudan, and soon Uganda, the problem is less daun ng. They have a ready and constant source of
conver ble currencies.
Foreign versus local workforce
Both parastatal and private energy companies will rightly try to maximize the use of na onals as
workers. Many African ins tu ons provide strong technical and engineering educa on, and many
Africans receive addi onal educa on in these topics in developed countries. However, the “brain
drain” of Africans deciding to pursue their careers outside the con nent, par cularly in medicine and
commerce, is also at play in the energy sector. There is, of course, also a “brain circula on,” in which
Africans return to work at home a er a period abroad.
A plant like Turk would have to be mostly constructed by foreign workers who have done similar work
before. However, in its opera on and maintenance, the Turk plant has found that nearly all the work can
be done successfully by local workers who are trained at the plant. A small number of engineers and
managers, either foreign or na onal, would also be required.
Weak monitoring and regula on
The framework for the regula on of emissions is older and more extensive in developed countries
than in Africa, but the Turk regime can be easily imported along with the plant. The readings of pollutants
takes place on site, and the computerized monitoring has been tried and tested in Arkansas.
The greater challenge will be for African governments to regulate the use of water for steam genera on, cooling, and cleaning of pollutants, and then monitor the wastewater and solids le over from
the cleaning process. While fresh water from rivers and lakes is the preferred source, the Interna onal
Energy Agency reports that developing countries are star ng to use more municipal waste water,
brackish groundwater, sea-water, and desalinized water in their coal plants.64 Pre-treatment of these
sources is more extensive than for fresh water.
Corrup on
As in all countries, power companies in Africa, and par cularly parastatals, face a variety of distor ons
from corrup on. These include: poli cal demands for preferen al services for certain areas; poli cal
demands for the hiring and reten on of unnecessary and unqualiﬁed workers; and ongoing kick-back
schemes that public oﬃcials, including in some cases all the way up to the president, promote with
regulatory threats and protect from police inves ga on.
In some countries, such as Sudan, Uganda, Nigeria, and Equatorial Guinea, these well-documented
abuses are so extensive and rou ne that they damage the na onal economy. South Africa, in par cular,
has suﬀered from poli cal pressure to over-employ. Foreign companies will have to evaluate the risks of
inves ng in such an uncertain environment.
Wri en agreements for independence and inves ga ons will not in themselves avert such problems.
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Companies should keep in mind such chilling examples as the World Bank’s 2001 agreement with the
government of Chad under dictator Idriss Deby. The Bank agreed to ﬁnance the explora on and pipeline
export of oil, in return for the revenues being placed in a jointly-controlled “lockbox” to be used only
for poverty programs. Once the construc on was done and the oil was ﬂowing, Deby tried to conﬁscate
the account for his security apparatus. A er much back and forth, Bank president Paul Wolfowitz gave
in and let him take the dedicated funds. In return, Deby agreed to repay the loan early from his other,
now-massive oil revenues.65
Inability to charge customers
In most African countries, consumers receive electricity at well below true cost. Indeed, in only
two of 39 countries studied in depth by the World Bank were the providers “fully recovering their
opera onal and capital costs.”66 Connec on fees are o en too high for single households to pay, so a
number of households will agree to draw from the same meter. In Ethiopia, for example, there are two
and half mes as many grid homes as meters. This prac ce, however, makes poor users ineligible for
subsidized “life line” rates.
Throughout the con nent, a empts to raise electricity rates lead to controversy and protest, especially
when they come during blackouts caused, at least in part, by insuﬃcient revenue. Governments o en
back down from rate increases. The World Bank recommends targe ng subsidies on poorer households,
but such diﬀeren ated approaches can be diﬃcult to sustain poli cally.67
The of services and materials from transmission lines
In addi on to sharing hookups, in some countries there is a large-scale tradi on of simply bleeding
power oﬀ overhead transmission lines. In this case, the necessary revenues for the power are completely
lost to the company. A strong police presence would be needed to interrupt the prac ce and then, over
me, prevent it.
Similarly, African transmission lines are o en targeted for the because of the scrap value of the
copper, steel, and other materials in the lines and even the pylons. In South Africa, the the s cost half
a billion dollars per year.68
Poli cal instability
For a variety of historical reasons – some rela ng to colonial powers forcing the combina on of
dis nct na onal groups into single countries, some rela ng to the economic stress of Africa’s status in
the global economy – Africa has had a poli cally vola le 60 years since independence. Most countries
have either experienced civil wars, elec on violence, coups, and military poli cal power, and nearly all
the rest have at mes been destabilized by the resul ng ﬂow of refugees and drop in commerce.
In this context, how reliable will a 40-year agreement to buy coal from a par cular set of mines
be? As noted, new-tech coal plants are built to handle a speciﬁc type of coal, within a narrow chemical
range. In addi on for plants that are not built near the mine, and rely on transporta on by rail, truck,
or barge from another na onal region or country, poli cal instability could be a major risk.
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Failure to pay workers and managers
One of Africa’s enduring problems is the inability of governments to pay their workers and managers
promptly and fully. Budget shor alls are a regular feature of life in most countries. Workers in government
enterprises – at hospitals, doctors as well as orderlies; at universi es, professors as well as cleaners –
frequently strike a er gaps in pay stretch into months.
Parastatal energy companies try to segregate their opera ng revenues from other government
revenues, but that is more diﬃcult for their capital budgets. In both cases, extreme and even typical
distress in government ﬁnances is certain to complicate their ability to pay staﬀ.
Weak police and judicial systems
Many of the challenges outlined above require companies to rely on func oning police and judicial
systems that cannot be arbitrarily deterred by powerful poli cians. Some countries have set up units of
an -corrup on ﬁnancial forensic specialists, like South Africa’s now-disbanded “Scorpions.” But police
and prosecutors are among the government workers aﬀected by low and intermi ent pay. At mes
some of them, too, demand corrupt payments from ci zens.
A number of non-governmental watchdogs, both African and interna onal, study and rate African
countries on corrup on and the state response. While there appear to be few technical reasons why
new-tech coal cannot work in Africa, companies will have to assess the judicial environment as well as
the poli cal and economic one when making their decisions.
***
Our research ques on for this White Paper has been whether American new-tech coal-ﬁred electricity
genera on can improve life and life expectancy in the African context. Reviewing these ten areas of
challenge, the answer must be a carefully qualiﬁed “yes.”
American companies should explore the African landscape, but seek to structure agreements that
minimize the very real risks outlined above. In an a empt to address “good governance” issues such as
the judicial system, corrup on, and public accountability, the Millennium Challenge Corpora on was
established in 2004 to provide U.S. foreign aid only to governments with a posi ve track record and a
promising future record. It has developed a detailed assessment method, which could provide a star ng
point for decisions about ﬁnancing a HELE plant.69
U.S. loan and investment guarantees arranged by the EXIM bank, OPIC, and Power Africa would play
a crucial role in successful projects. That is why the ﬁrst order of business must be for U.S. policy at the
World Bank, African Development Bank, and Power Africa to stop opposing coal plants in Africa, and
start aiding African governments that choose to use all of the con nent’s available resources to provide
clean electricity, indoors and out.
Africans have the human right to the electricity they so desperately need. A er all, when it comes
to the improvement in health that universal electriﬁca on will bring, African Lives Ma er.
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67. https://blogs.worldbank.org/latinamerica/how-can-electricity-subsidies-help-combat-poverty-centralamerica
68. https://www.esi-africa.com/regional-news/southern-africa/copper-theft-remains-a-serious-concerneskom/; h ps://www.tdworld.com/substa ons/ar cle/20967431/metal-the -in-south-africa
69. h ps://www.mcc.gov/who-we-fund/indicators
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