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Abstract
This paper discusses the economic, social and environmental benefits from using solar water heating (SWH) in Zimbabwe. By comparing

different water heating technology usage in three sectors over a 25-year period, the potential of SWH is demonstrated in alleviating energy and

economic problems that energy-importing countries like Zimbabwe are facing. SWH would reduce coincident electricity winter peak demand by

13% and reduce final energy demand by 27%, assuming a 50% penetration rate of SWH potential demand. Up to $250 million can be saved and

CO2 emissions can be reduced by 29% over the 25-year period. Benefits are also present at individual consumer level, for the electricity utility, as

well as for society at large. In the case of Zimbabwe, policy strategies that can support renewable energy technologies are already in current

government policy, but this political will need to be translated into enhanced practical activities. A multi-stakeholder approach appears to be the

best approach to promoting widespread dissemination of SWH technologies.

# 2008 Elsevier Ltd All rights reserved.
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1. Introduction

Shortages of modern energy carriers have become a major

obstacle to economic growth in Zimbabwe. Energy imports and

infrastructure continue to drain scarce convertible currency.

Zimbabwe has been importing between 35% and 60% of its

electricity requirements since 1996 because of inadequate

internal power generation capacity. While available power

plant capacity declined by at least 15%, maximum demand has

increased by 25% since 1990. Demand is forecasted to grow

from 2000 MW in year 2000–3000 MW by 2010 and over

4000 MW by 2020 [1].1 Around US$1.5–2 billion is required to

meet investments needed in the power sector over the next

decade [3,4]. On the other hand, the national electricity utility

has accumulated debts with foreign suppliers. IMF [5]

estimates the Zimbabwe Electricity Supply Authority (ZESA)s

foreign debt to be about US$240 million.2 ZESA has been

forced to load shed consumers and this has severely affected

industrial, mining and agricultural production. Government

measures of preferential allocation of limited hard currency for

energy imports are still inadequate to meet full needs. The

consequences have been high inflationary pressures and huge

economic losses.

Water heating inflicts a significant burden on Zimbabwe’s

national energy system: it accounts for at least 13% of the

national winter (June–July–August) peak demand for elec-

tricity and about 8% of the annual electricity consumption. It

contributes to energy scarcity and unnecessary foreign currency

expenditure in the economy. On an individual level, water

heating also significantly increases energy expenditure and

erodes individual welfare. Additionally, energy scarcity has

adverse impact on functioning of the whole economy,

especially the productive sectors. In the past, ZESA has

operated a ripple control demand-side management (DSM)

programme to control domestic water heaters during peaks

periods in three major cities and managed to shave off about 7%
1 These estimates are based on a growing economy, but due to continued

economic decline in the country, more conservative projections have been

developed, e.g. SAPP [2] estimate that maximum demand in Zimbabwe will

grow to 2527 MW by 2010.
2 In 2005–2006 financial year, ZESA made a loss of US$372 million [2].
of system peak. However, the performance of the ripple control

system is reported to be presently poor and this requires costly

and extensive refurbishment. It will also cost ZESA US$177 for

each ripple relay receiver [6]. Solar water heating (SWH) offers

a partial but significant contribution to resolution of these

problems by reducing electricity demand, energy expenditure

and improving general societal welfare.

This paper investigates the potential of SWH in alleviating

energy and economic problems in a developing country setting

by making a comparative evaluation of water heating practices

in the domestic, health and tourism sectors in Zimbabwe. The

objectives are to demonstrate by scenario analysis the

economic, social and environmental benefits that accrue from

using solar water heating as opposed to conventional water

heating technologies in the period 2005–2030 for the domestic,

health, and tourism sector.

This paper is organized as follows: Section 2 describes the

national characteristics followed by current water heating

practices in Section 3 and technologies in Section 4. The

development of SWH in the country is presented in Section 5

after which the methodology for estimating thermal water

heating demand as well as SWH scenarios are described in

Section 6. Results of scenario analysis are then discussed in

Section 7, followed by discussion of the results in Section 8.

Conclusions and recommendations are presented in Sections 9

and 10, respectively.

2. National characteristics

Zimbabwe is located in central southern Africa and lies

wholly within the tropics, extending from about 158S to 228S
and from 258E to 338E. Its territory extends over 390,000 km2

with a population density of about 30 km�2. The climate is

generally cool for a tropical country with mean maximum

temperatures ranging between 22 and 36 8C in the hot season

(August–November), while mean minimum temperatures

range between 10 and 24 8C in the cool season (May–August).

The global annual solar insolation is between 2000 and

2200 kWh/m2 with a 15–25% insolation variation between the

seasons [7].

Zimbabwe’s 2002 population census showed that the

country has a population of about 11.6 million of which

34% live in urban areas and 66% are in rural areas. There are



Fig. 2. Distribution of final energy consumption in 2002: (a) per sector and (b)

per fuel [14].
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about 1.1 million urban households and 1.8 million rural

households. On average, a rural household has about 4.4

persons while an urban household has about 3.5 persons. Urban

population has been growing at an average rate of 3.9% since

1992 while national population has grown at only 1.1%/annum.

Beyond 2004, the population is projected to grow by about

0.6%/annum until 2015 and by 1% up to 2030. On the other

hand, the number of households is expected to grow by 2.8%

until 2015 and thereafter by 2.3% until 2030 [5,8], implying

smaller future household sizes.

About 41% of the country’s population has access to

electricity, i.e., is connected to the national grid. The urban

electrification level is about 85% while the rural population

connected to the national electricity grid is about 25% [9].

Annual per capita electricity consumption declined from

948 kWh in 1990 to 774 kWh in 1998 and increased marginally

to 813 kWh in 2005. About 10.5 TWh of electricity is

consumed annually in all sectors [2,10]. Electricity is supplied

from a mix of hydro, coal-fired thermal power plants and

imports. The development of this mix is shown in Fig. 1. About

80% of the population are estimated to be living below the

poverty datum line and the World Bank classifies Zimbabwe as

a low-income country. Real gross domestic product (GDP)

declined by almost 30% from 1997 to 2003 [11]. The economy

continued to contract by a further 10.4% in 2004 and by 4.2% in

2005 [12]. In the long term, average GDP is expected to

increase annually by 1.2% until 2010, 3.3% until 2015 and

thereafter by 3.6% until 2030 [13].

Total national final energy consumption (2002) was

343,218 TJ of which nearly 69% is consumed in the domestic

sector and 2% is consumed in the commercial and public

services sector, as illustrated in Fig. 2a. Wood fuel dominates

final energy consumption across all sectors (accounting for

71% of total consumption) followed by petroleum fuels (13%)

and electricity at 11% (b). In the domestic sector, wood fuel

constitutes about 95% of total energy consumed; electricity

contributes only 4% and petroleum fuels (mainly paraffin)

contributes 1%. Commerce and public services use mainly coal

and electricity as their source of energy [14]. Fuel choice in the
Fig. 1. Historical development of electricity supply mix [1,5].
domestic sector varies across the rural urban divide. In urban

areas, fuel choice depends in general on the level of income and

access to alternative forms of energy [15]. However, in rural

areas, wood fuel is available at little or no cost and there is no

incentive for using alternative energy sources, especially for

thermal energy applications.

The domestic sector accounts for 23% (2442 GWh) of the

national electricity consumption and 15% (1605 GWh) are to

the commercial sector. Industry and commerce together

consume 63% of the electricity distributed in the country

[14]. In 2000, there were 437,800 domestic electricity

consumers in Zimbabwe of which 231,500 can be characterized

as high-income consumers; 77,500 are low-income metered

and 128,800 are low-income, load-limited consumers [16].

There are 1439 medical institutions in the country of which

57% are electrified. This includes solar photovoltaic (PV) and

diesel genset electrification. The number of hospital beds is

estimated to be about 2.3 per 1000 people [17] and hospital bed

occupancy is estimated to be about 78% [18]. There are 412

tourism operators with a total room capacity of about 5600

rooms and over 12,000 person-beds. Average room occupancy

in 2000 was 41% [29].

3. Current water heating practices

Water heating is performed using various technologies and

fuel types with more diversity found in the domestic sector as

described below.



Fig. 3. Structure of domestic water heating patterns by income and location.

Table 1

Annual electricity end-use by household income category

End use High-income

h/h (kWh)

% Low-income

h/h (kWh)

%

Geyser 3500 39 0 0

Hot plates (stove) 2190 25 2336 65

Refrigerator 876 10 876 24

Freezer 1095 12 0 0

Lighting 964 11 197 5

Ironing 110 1 110 3

Heating 68 1 0 0

TV 110 1 88 2

Total consumption 8913 100 3607 100

Monthly consumption 742 300

Source: [26].

Table 2

Estimated energy use in only rural health institutions
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3.1. Water heating in the domestic sector

The residential sector is made up of electrified and

unelectrified households in both urban and rural areas as

shown in Fig. 3. Choices for water heating technologies and

energy used are based mainly on this distinction as well as other

factors such as income levels, accessibility of alternative fuels

and individual preferences. About 1 million households3 are

electrified making up about 437,800 domestic electricity

consumers, both in urban and rural areas.

Of the national electrified households, high-income con-

sumers were estimated to be 231,500 (53%), low-income

metered to be 77,500 (18%), and low-income, load-limited

consumers to be 128,800 (29%). These figures include the 85%

urban electrified households and about 80,000 rural domestic

consumers. Rural consumers include farms, mines and rural

industries. At least 183,000 urban households are unelectrified

[1,16].

Water heating in electrified households is by electric storage

water heaters in the high-income households and by electric

stoves in the low-income households. Wood fuel and paraffin

are used for water heating in urban non-electrified households

and rural households. Only 10% of low-income load-limited

households use the stove for heating water [20] and the rest use

either wood fuel or paraffin. Katihabwa [21] estimated that

water heating accounts for 30% of stove use. Hot water is used

mainly for bathing/showering, cooking, dishes and other

hygienic purposes.

There are no accurate estimates on the number of installed

electric water heaters in the whole country but studies

conducted by the Solar Energy Society of Zimbabwe and

Nziramasanga in the early 1990s indicated a range between

100,000 and 170,000 [20,22]. We use the later figure because it

ties in well with theoretical estimates of water heating demand

presented in Section 7. Solar water heaters are also being used

in the domestic and tourism sector and estimates indicate that

between 4000 and 10,000 systems have been installed in the

whole country [1,23].
3 This figure implies that 1 million families have access to electricity but

usually more than one family is sharing a common supply (either bulk metered

or sharing living premises), and are considered by the electricity utility as a

single consumer and hence share the utility bills.
High-income electrified households consume on average

742 kWh of electricity per month, 39% of which is consumed

by water heaters. The lower income (metered) households

consume on average 300 kWh per month, 65% of which is

consumed by the stove as shown in Table 1. The SADC

FINESSE study estimated that urban households consume on

average 33% of their total energy in water heating [22].

Unelectrified urban households use about 7 kg of wood fuel

and 0.03 l of kerosene daily, of which 30% is used for water

heating [21,24]. The same applies to 90% of the electrified

load-limited households. Rural households consume about

15 kg of wood fuel/day [26].

3.2. Water heating in health institutions

Medical institutions use a diverse range of energy sources

including wood, coal, paraffin and electricity for functions such

as cooking, heating, sterilizing, refrigeration, lighting and

others. There are no documented national hospital energy

consumption estimates.

Surveys done by the Department of Energy (Zimbabwe) to

estimate energy use in rural hospitals are shown in Table 2.

These estimates exclude rural clinics, whose consumption is

considered unimportant. Wood estimates were made on the

basis of requirements of 15 kg/patient/day for all purposes.

The larger public hospitals are usually on maximum demand

charge electricity supply as their capacities have a significant

strain on the electricity network. All consumers who require

capacity beyond 300 kVA are classified as maximum demand

consumers and a monthly charge is levied for the highest peak

demand experienced during the month. This is a demand
Fuel type Consumption

Wood (tonnes) 41,440

Electricity (GWh) 5.53

Coal (tonnes) 9,500

Kerosene (tonnes) 2,447

Source: [1].
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management strategy employed by the national utility to

discourage poor load factors and power factors by large

consumers. Some of the older and large hospitals such as

Harare Central Hospital, although located in urban areas, are

still using coal-fired boilers for cooking and laundry.

3.3. Water heating in the tourism sector

The tourism industry incorporates hotels, inns, lodges,

guesthouses, hostels, chalets and other accommodation

facilities used by travellers. For characterization, the sector

can be broadly divided into hotels and lodgings. Hotels

representing the larger establishments while lodgings represent

the smaller ones with fewer than 20 rooms. This distinction is

important for comparing energy consumption and investment

patterns. Hotels tend to use more energy per occupied room

than lodgings and are usually on maximum demand electricity

supply [27].

An assessment of electricity use of a 55-room country hotel

in Zimbabwe indicated the distribution of electricity use as

shown in Fig. 4. Room consumption is dominated by the

electric water heater which represents nearly 80% of electricity

use in the room and 54% of overall facility electricity use. It is

important to note that this particular hotel had switched fuels

for cooking and ironing from electricity to wood in an attempt

to reduce electricity demand. The hotel also had an in-house

bakery, from which some products are sold to external

customers.

Other fuels used by the tourism industry include LPG for

cooking, renewables and diesel generators used for backup in

the event of disruptions from the grid. Lodges in remote areas

(e.g. Katete and Bumi) use diesel-powered gensets. Renew-

ables such as solar PV and solar water heating are used notably

at Elephant Point, Water Wilderness, Chikwenya Safari Lodge,

Umkombo and Zengela Game Ranch [19]. In fact, most of the

solar water heaters installed since 1980, have been utilized in

the tourism industry [1].
Fig. 4. Results of a ‘walk-through’ electricity energy audit of a 55-room hotel

in Zimbabwe [25].
4. Current water heating technologies in Zimbabwe

4.1. Electrical water heaters

Electrical water heaters are the dominant water heating

technology in Zimbabwe. Commonly known as geysers, these

systems are mostly non-pressurised with an integral water

reservoir. The heating element is a coil heater located in a

pocket at the bottom of the tank. Pressured units are also found

in the market and these have an immersion heater element at the

bottom of the storage tank. Sizes range from about 15 l for

small kitchen units to over 9000 l for institutional units. These

units are usually mounted on the wall or in the roof and are

controlled by a thermostat that maintains the temperature of the

water at desired temperatures (usually in the range 65–85 8C)

[22]. Multiple water heating units can be found in affluent

households, sometimes up to five units [28].

4.2. Solar water heaters

A solar water heater consists of basically a ‘collector’ for

capturing and transferring heat from solar radiation to a

working fluid or directly to water. The collector is then

connected to a storage tank by a system of pipes. In close

coupled or integral systems, the tank and the collector are one

unit and distribution pipes delivers hot water to designated

loads. Systems can be designed with an auxiliary energy supply,

means for circulating and control of water flow through the

system.

The most common type of domestic SWH in Zimbabwe is

the passive direct ‘thermosyphon’ system using copper or

plastic collectors and an attached insulated hot water storage

tank. Both close coupled systems and separate storage tank type

of systems are in the market. Their sizes range from 150 l with

one collector to 1200 l with multiple collectors [29,30]. In this

system, the tank is located above the collector, and water will

circulate by natural convection whenever solar energy in the

collector adds energy to the water in the collector leg and thus

establishes a density gradient. Most of the systems come with

an auxiliary energy supply (backup electrical element) to

maintain hot water in the tank top at some minimum

temperature level necessary to meet loads [22]. Canwood

[31] reported that one Zimbabwean manufacturer also produces

integral collector storage systems. In this system, the storage

tank is combined with the collector into a composite glazed,

insulated box.

Individual components vary with designs and manufac-

turers/suppliers. Absorbers range from unglazed extruded

polymer panels to sophisticated, well insulated, enhanced

transparency collector panels with selective absorber surfaces.

The former are usually used for low temperature applications

and the later (which are not common) for high temperature

applications up to 90 8C. The most common collector panel

consists of copper tubes mounted on a back plate which are

painted black and positioned behind a glass cover. Some low

cost units have no glass cover [20,22]. SWH storage tanks are

commonly made from copper, but a wide variety of materials
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are also used such as plastic, stainless steel, glass-lined steel

tanks and fibreglass. Larger systems have corrosion resistant-

lined steel tanks.

5. Solar water heating development in Zimbabwe

Solar water heaters have been produced in Zimbabwe since

the 1970s supplying mainly the high-income households and the

tourism sector. Poor performance of some designs affected

growth of SWH in the 1980s but there was renewed interest after

the electricity shortages around 1991/1992. After 1992, low

electricity prices may have hampered further development in the

1990s [1]. However, a lot of interest in SWH remained in the mid-

to late-1990s piggybacking on the successful promotion of solar

PV through the UNDP/GEF Solar PV Pilot project.

Solar water heating is listed as one of the priority projects

under the government’s ‘‘National Renewable Energy Pro-

gramme (1996–2005)’’. However, emphasis is given to PV for

lighting. Similarly the ‘‘Rural Electrification Programme’’ also

dwells on solar PVand only lists SWH as a potentially valuable

technology.

Most of the SWH systems in Zimbabwe are imported from

Europe, America, Asia, Australia and South Africa. There is

limited local production and assembling, only three local

manufacturers and three importers of system kits for local

assembly were in operation in 1998. Local producers still need

to import some components such as tank materials usually from

South Africa [1,20]. At least four companies are active in the

supply and installation of SWH.4

A number of initiatives have been undertaken in Zimbabwe

to promote SWH. These include the Austrian supported project

run by Domestic Solar Water Heating Ltd., the Dutch/UNDP

supported SADC FINESSE activities, the Zimbabwe govern-

ment’s own SWH program under the Renewable Energy

Programme and other private initiatives.

The Austrian supported SWH programme in Zimbabwe

promoted the development and manufacture of affordable

thermosyphon SWHs. It has trained craftsmen and developed

SWHs using mainly local materials. About 230 SWH systems

have been successfully installed to date in homes, schools and

rural clinics through the programme, and the trained

technicians are now carrying out installations on their own [30].

6. Methodology and scenario description

In order to estimate the potential of solar water heating, first

an estimate is needed of the total energy demand and winter

peak demand for water heating in the three selected sectors.

Subsequently, solar thermal requirements for substitution of

this demand are determined. The potential of SWH is then

evaluated and shown in relation to the need for additional

electricity generation capacity over the next 25 years. This way
4 These include Solahart which imports and supplies systems as part of a

dealer network of Solahart (Australia), Solarmatics, Solar Impact and Domestic

Solar Heating Ltd.
comparative estimates are made of the primary energy

requirements for meeting water heating demand either by

conventional power plants or SWHs.

6.1. Sectoral water heating demand

6.1.1. Annual thermal demand

Two approaches, one top-down and one bottom-up, were

used to determine the water heating demand in the domestic

sector. The first approach is based on a UNEP study [26] in

which electrified households are classified into three categories:

(1) high-income group, who own electric water heaters; (2)

low-income group with metered electricity supply, who use

electric stoves to heat water; and (3) low-income group with

load-limited electricity supply, who partly use stoves as well as

wood and paraffin to heat water, see also Fig. 3. The UNEP

study estimated annual electricity consumption for all

electricity end-uses including electric water heating in high-

income households. These estimates were then used as a basis

for approximating electricity use for water heating in the high-

income category. Additional assumptions were used for the

low-income load-limited households using stoves to heat water

and those who use other fuels.

Additionally, it is assumed that unelectrified urban house-

holds have the economic potential to adopt SWH since they

already are purchasing energy to meet their hot water energy

requirements. In contrast, most rural unelectrified households

use mostly firewood to meet their thermal energy needs and use

kerosene for lighting. This group does not buy firewood and

therefore has low economic potential for adopting SWH

technology.

Based on the household characteristics and assumptions, we

estimate the total household water heating thermal energy

demand Eth,d using:

Eth;d ¼
X

i; j;k

Hi Ei; j f i; j f i;k hk (1)

where Hi is number of households by category i; Ei,j is average

annual energy consumption per type j used by household cate-

gory i (electricity, wood, paraffin); fi,j is fraction of energy type j

used for water heating; fi,k is fraction of households using water

heating device k (electric stove, hot plate); and hk is the efficiency

of water heating device k. We use efficiencies from [34], i.e., 0.9,

0.65, 0.25, and 0.4 for the efficiency of an electric geyser, hot

plate, wood stove, and paraffin stove, respectively. The thermal

demand Eth,d can be split up per energy source, i.e., electricity

Eth,d,e, wood fuel Eth,d,w, and paraffin Eth,d,p as follows:

Eth;d ¼ Eth;d;e þ Eth;d;w þ Eth;d;p (2)

The second approach of estimating thermal energy demand for

water heating is based on daily hot water requirements5 per
5 We assume uniform weather conditions for the whole country, but in reality

annual average temperatures in the eastern highlands are 15 8C while those in

low lying areas such as Kariba are 25 8C. Hence there is higher hot water

demand in the former and even preference for cold water in the latter.
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person from which the thermodynamic energetic requirements

are estimated. The total thermal demand Eth,d is then obtained

using

Eth;d ¼
X

k

Wk Pk DT c p hk (3)

where Wk is the hot water requirement per person per heating

device (30 l/capita/year); Pk number of persons; DT tempera-

ture difference between cold and hot water (18 K); cp is the

specific heat capacity of water (4.19 kJ/(kg K)). Here, a dis-

tinction is made between electric and wood stoves, which also

leads to a different hot water requirement Wk.

The estimation of the thermal energy demand in the health

sector is based on designs and empirical data from an

Indonesian hospital water heating project [41]. The water

heating energy demand Eth,h is determined from

Eth;h ¼ B b Wb SEC h (4)

where B is the total number of hospital beds in the country; b

the average annual bed occupancy; Wb the average annual water

demand per patient/bed (10.9 m3); SEC the average specific

electricity use per litre of water (estimated at 0.03 kWh/l); h is

efficiency of water heating device.

We assume that only electricity is used to meet water heating

thermal demand, which enables us to estimate the total demand

based on individual hot water requirements without allocating

specific energy carriers. In reality, however, hospitals use

multiple energy sources and technologies to meet hot water

energy needs including coal- and wood-fired boilers.

For the tourism sector the thermal energy demand is

estimated assuming that water heating demand per person in a

large hotel is approximately equivalent to that for a single

person of for instance, a guesthouse. Although the tourism

industry has a diverse range of accommodation facilities of

which we have broadly classified as hotels and lodgings, it

simplifies our analysis to consider the total room capacity

available in the sector. The differences between the larger

facilities that use boiler units of several thousand litres capacity

and smaller facilities that have individual heating units per

room is accounted for by assuming that each room has a 150 l

equivalent water heater. Thus, we estimate the total thermal

energy demand for the sector Eth,t as follows:

Eth;t ¼ R r W r SEC h (5)

where R is the total capacity of rooms in the sector (person

rooms); r the average room occupancy; Wr is the average

annual hot water demand per room at full occupancy (18.1 m3).

Based on the above the total annual heating demand Eth is

given as

Eth ¼ Eth;d þ Eth;h þ Eth;t (6)

while the annual heating demand met by electricity Eth,e equals

Eth;e ¼ Eth;d;e þ Eth;h þ Eth;t (7)

as the heating for the health and tourism sector is provided by

electricity only.
6.1.2. Winter peak thermal demand

The winter peak demand imposed on the electricity network

by water heating Pth,d,w is calculated with

Pth;d;w ¼
X

i

ai Di (8)

where ai is the amount of electrical heating devices (geyser,

stove) for all households; Di is average diversified demand

contribution per electrical heating device to winter peak

demand and is based on empirical studies conducted to assess

the contribution of electrical water heating to coincident peak

winter demand [32].

Similarly, coincident winter peak demand for hospitals

Pth,h,w and hotels Pth,t,w is estimated using the same principle as

with households, but we use equivalent number of appliances

derived from estimated appliances per patient and hotel guest,

respectively. This is done because the ratio of patient and hotel

guest per heater unit is higher and high capacity units are used

to cater for many patient and hotel guest. Additionally, hot

water is used for other purposes such as centralized laundry,

cooking and cleaning.

The total winter peak demand is given as

Pth;w ¼ Pth;d;w þ Pth;h;w þ Pth;t;w (9)

6.2. Primary energy requirements

Primary energy PEe requirements for the thermal energy

demand met by electricity generated from coal is derived from

the aggregation of electricity demand for water heating in all

three sectors (Eth,e) and conversion to primary energy taking

into account conversion and distribution losses:

PEe ¼
Eth;e f tð1þ LÞ

hc

(10)

where f t is the fraction of electricity generated from coal (0.57);

hc the efficiency of the coal thermal power plant (0.32); L is the

transmission loss factor (0.15). Data is from [33].

The primary energy demand for the other carriers (PEwf for

wood fuel, PEp for paraffin) are calculated with

PEwf ¼ Awf HHVwf hws (11)

PEp ¼ Ap HHVp hps (12)

where Awf is the amount of wood fuel; HHVwf higher heating

value of wood fuel (16 MJ/kg); hws efficiency of wood fuel

stove (0.25); Ap is the amount of paraffin; HHVp higher heating

value of paraffin (38 MJ/l); hps is the efficiency of paraffin stove

(0.4). Data are from [34].

The total amount of primary energy PE thus is

PE ¼ PEe þ PEw þ PEp (13)

6.3. Equivalent SWH capacity

Given the thermal demand estimated in Eq. (6) the

equivalent solar water heating capacity (S) required to meet



Fig. 5. Diffusion of solar water heaters (km2).
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this demand was assessed using

S ¼ f s

G hc hs

X

i

Eth;i (14)

where Eth,i is the thermal demand for sector (i); fs the solar

fraction (annual hot water demand met by solar irradiation,

0.75); G the effective mean yearly solar radiation (2100 kWh/

m2); hc the efficiency of the solar collector (0.6); hs is the

efficiency of the SWH system (0.85, includes distribution/

storage efficiencies).6

6.4. Costs

The economic cost benefit analysis is based on life cycle

costing in which all investments are discounted over their

lifetime. The concept of present value is used to equate all cash

flows occurring during the period under analysis. Comparison

of scenarios is then based on the net present value (NPV) as

defined as

NPV ¼ I þ
XL

i¼1

Ci

ð1þ rÞL
(15)

where I is the initial capital investments; Ci the aggregate costs

incurred in year (i); r the social discount rate7; L is the lifetime

of the project.

In the present paper all costs are given in year 2000 US$.

Environmental impacts considered here consist of greenhouse

gas emissions associated with generation of power from coal

and are calculated in CO2 equivalents.

6.5. Scenario description

Using 2000 as the base year, four scenarios were developed

that show the costs and benefits of meeting water heating

demands using different technologies over a 25-year period.

The first scenario assumes a business as usual (BAU) projection

where current water heating practices remain unchanged and

energy shortfalls are met by imports. The second scenario is a

variation of the business as usual scenario where additional

internal coal thermal power plant (CTPP) capacity is

established to meet increased energy demand. The third

(SWH-I) and fourth (SWH-II) scenarios assume the gradual

introduction of solar water heaters, which displace the different

water heating systems currently in use, see Fig. 5. The third

scenario (SWH-I) assumes that electrical backup energy would
6 Tropical climates generally achieve solar fractions of 80 to 100%, but we

use a conservative estimate of 75% [36]. Average efficiency of a SWH is 60%

while average system efficiency of a SWH system is 85% [35].
7 The social discount rate is used in economic analysis of energy projects to

represent the opportunity cost of capital or return on investment in alternative

projects. It is different from market discount rates used in financial analysis.

Social discount rates are used for national projects and in this regard, invest-

ments in the energy sector are of national dimension and not based on private

financial discounting. Since SWHs are purchased by private individuals, this

study therefore assumes a national program to promote SWH. A 10% discount

rate is used in this study.
come from new power plants while the fourth scenario (SWH-

II) uses imported power for backup. In order not to overestimate

the initial market uptake of solar water heaters, we use a logistic

function to estimate the diffusion of solar water heating

technology into the market, as depicted in Fig. 5. The following

equation describes the function:

yðtÞ ¼ A

1þ exp½�bðt � tmÞ�
(16)

where y(t) is the cumulative number of SWH units installed; A

is the upper limit (market saturation value), b the diffusion rate,

tm the time (in years) at which the curve reaches half the

asymptote value (A), i.e., where the derivative of the curve is at

is maximum.

The choice of parameters used in constructing realistic

diffusion trends were based on firstly the practical limitation

that not all consumers in the selected subsectors will adopt the

technology. We have assumed that we can achieve 50% of the

potential market. Secondly, there is limited technical capacity

to manufacture, install and service large volumes of SWH

systems and therefore, diffusion rates are limited to available

capacity which is assumed to grow with experience and

increase in business

7. Results

In the base year (2000), aggregate annual electricity

consumption for water heating in all three sectors was

estimated to be about 890 GWh (or 3.2 EJ). Total wood fuel

and paraffin demand were about 380 ktonnes (6.0 EJ) and

600 m3 (23 TJ)/year, respectively, as shown in Table 3. Each

electrical water heater in the 231,000 high-income households

consumes on average 10 kWh/day. It contributes about 1.1 kW

of diversified demand to the electricity winter peak demand

[32], which therefore totals about 250 MW. Adding contribu-

tions from other households and the tourism and health sector

leads to a total coincident winter peak demand due to water

heating of about 275 MW. Aggregate thermal demand for water



Table 3

Breakdown of annual energy consumption for water heating in base year (hh: households)

Subsector Electricity

(GWh)

Wood fuel

(ktonnes)

Paraffin

(m3)

Total energy

use (EJ)

Electricity peak

demand (MW)

High-income hh 816.4 – – 2.939 254

Low-income metered hh 54.5 – – 0.196 10.3

Low-income load-limited hh 8.3 95 – 1.551 1.7

Unelectrified hh – 284 602 4.565 –

Subtotal domestic 880 379 602 9.252 266

Tourism sector 2.9 – – 0.011 2.5

Health sector 7.6 – – 0.027 8.4

Total 890 379 602 9.290 277

Table 4

Comparative summary of four scenarios

Scenario

BAU CTPP SWH-I SWH-II

Cumulative energy use in period 2005–2030 (EJ)

Electricity 133.6 133.6 95.4 95.4

Wood fuel 249.0 249.0 183.6 183.6

Paraffin 0.96 0.96 0.07 0.07

Total 383.6 383.6 279.7 279.7

Energy savings – – 103.9 103.9

Cumulative emissions in period 2005–2030 (megatonnes)

CO2 equivalent 0.068 43.2 30.810 0.017

SO2 equivalent 0 0.164 0.117 0

Particulates 0 0.116 0.083 0

Emission savings (CO2) 43.13 – 12.39 43.18

Cumulative costs in period 2000–2030 (million $)

Cumulative NPV �508 �705 �610 �455

Costs savings (wrt BAU) 0 �197 �102 +53

Costs savings (wrt CTPP) 197 � 95 250
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heating met by electricity was estimated to be 2.8 EJ/annum. Of

this demand 98% is accounted by the domestic sector of which

93% is accounted by the high-income households. Hospitals

account for the other 0.8% and hotels only 0.3%. Total thermal

demand for water heating in 2000 in all sectors was estimated to

be about 4.4 EJ. Of this demand 65% was met by electricity

while 35% was met by wood fuel. Paraffin represented less than

1% of the energy used to meet water heating thermal demand.

Total primary energy requirements for water heating were

estimated to be about 6.5 EJ of coal, 6.1 EJ of wood fuel and

23 TJ of paraffin giving a total of about 12.6 EJ/year.

SWH system size requirements were estimated on the basis

of a conservative solar fraction of 0.75 [36] and average annual

solar insolation of 2100 kWh/(m2 year) [7]. For the base year

2000, the required collector area is about 1.03 km2, based on a

solar collector efficiency of 60% and a SWH system efficiency

of 85%. A more thorough analysis on energy delivery from

various types of solar collectors confirms these simple

assumptions [37]. The total thermal load to be met by solar

energy was estimated to be about 3.3 EJ. Each SWH reduces

coincident peak demand by 0.7 kW. Hence peak winter demand

for electrical backup was estimated to be about 100 MW and

coal usage was about 2.8 EJ or about 110 ktonnes/year.

7.1. Business as usual scenario

Using a projected population growth of 1%/annum, 5.9

million households in 2030 are expected, while the number of

domestic electricity consumers is expected to increase to about

932,000 and electricity demand for water heating is estimated

to reach nearly 1900 GWh/annum. Annual wood fuel and

paraffin use in water heating increase to be about 770 ktonnes

and 1300 m3, respectively. The number of beds per 1000 people

in health institutions is estimated to increase to 4.6 in 2030 as a

result of population growth. Hotels room occupancy is expected

to increase to about 70%. Annual electricity demand for water

heating in the health and tourism sector is estimated to grow to

13.2 and 4.4 GWh in 2030, respectively, or less than 1% of the

total domestic demand. In all three sectors, electricity demand

for water heating is projected to grow to about 1900 GWh in

2030, see also [38].

Coincident winter peak demand due to water heating is

estimated to increase to about 590 MW in 2030. Total energy
requirements including electricity imports, wood fuel and

paraffin will therefore increase by about 109% to 20.4 EJ in

2030. Note that Dube [39] estimates electricity demand savings

of around 200 MW as a result of installing SWHs as a means to

realize demand-side management.

Investment in electrical water heaters was projected to grow

to about $76 million by 2030 based on unit costs of about $150.

Annual electricity imports costs to cover water heating thermal

demand were projected to increase to about $74 million in

2030, while wood fuel and paraffin costs are estimated to grow

to about $19.5 million and $0.95 million, respectively. The

cumulative discounted costs of the BAU scenario amount to

about $510 million, using a social discount rate of 10% and

lifetime of 25 years. Cumulative CO2 emissions from water

heating are estimated to be 68,000 tonnes for the 25-year period

(2005–2030).

7.2. Scenario comparison

Table 4 summarises the key features of the four scenarios in

terms of energy use, costs and environmental emissions. The

SWH scenarios lead to 27% less energy consumption compared
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to the BAU and CTPP scenarios and the SWH scenarios realise

savings of about 104 PJ of final energy use over the period

2005–2030 assuming a 50% market penetration and a modest

diffusion rate (Fig. 5). Non-renewable coal resources amount-

ing to about 3 million tonnes can potentially be saved. A higher

diffusion rate and a higher market penetration results in 54%

savings of the BAU scenario or about 210 PJ (for 80% market

penetration).

Fig. 6 shows the cumulative discounted costs of each

scenario. The two scenarios that involve establishment of

internal power generating plants have the highest costs

compared to the importing scenarios. Economic savings are

apparent for both SWH scenarios, with about $100 million

savings for the power plant trajectory and about $53 million for

the importing scenario. SWH can also result in discounted cost

savings of between $95 million and $250 million depending on

the source of backup electricity. Likewise, quicker market

transformation and higher market penetration can result in

savings of between about $140 million and $300 million.

Between 60% and 85% of these costs are foreign related [6]. In

contrast, 90% of the components of SWHs are local and only

10% are foreign related [1].

The SWH-I scenario results in 29% (12.4 Mtonnes)

cumulative CO2 equivalent emissions savings compared to

the CTPP scenario over the 25-year period. Emissions can be

reduced by up to 58% by quicker and higher market penetration

of SWHs.

The SWH-II scenario is the cheapest option since it avoids

investments in new power generation capacity and relies on

imported electricity. However, the importing trajectories are

dependent on availability of excess capacity within the regional

power pool and very sensitive to electricity import prices. There

are also worries about self-sufficiency and national energy

security. The advantage of a SWH scenario where backup

electricity is imported is that in the long term, the country

becomes less dependent on imported electricity. Backup for

solar water heating is only necessary during off-peak hours

when electricity prices are favourable. Peak demand is reduced

by 64% per water heating device and nationally peak demand
Fig. 6. Comparison of cumulative costs for all water heating scenarios.
can be reduced from 13% to about 5% with significant benefits

to the utility and the whole economy.

The SWH-I scenario requires significant investment in

internal generation capacity. This plant capacity is slowly

substituted by installed SWH capacity over the years and the

excess power can be used elsewhere in the economy.

Local generation has an advantage as far as national energy

security is concerned, but the foreign components of initial

investment costs are high (around 60–70%). Maintenance and

rehabilitation of plants also involve substantial amounts of

foreign currency, for example 86% of the costs of refurbishing

small thermal power plants are foreign [6].

7.3. Social benefits

From an individual household accounting perspective, SWH

use saves about $1000 in discounted water heating costs over a

15-year period. This means families can invest the savings in

other critical welfare needs. SWH systems have a payback of

just over 4 years for the high-income households. However,

payback periods for low-income households are higher at an

estimated 7 years and this is mainly due to their lower water

heating thermal demand. Families also benefit from the

continuity in supply of hot water and reduction of external

costs associated with air pollution from wood combustion,

paraffin poisoning, fires and burns and wood collection.

For hotels and health institutions, SWH enables the

reduction of not only their energy costs but also their maximum

demand charges. These savings can then be transferred to either

customers, shareholders value or employee welfare. This

should help improve competitiveness and customer service.

An additional benefit for all consumers is that they can avoid

unplanned expenditure, which comes with energy price

fluctuations. By minimising energy purchases, consumers

can protect themselves from future energy price hikes while

still enjoying full benefits of energy services. Widespread SWH

use can result in the creation of an industry that supports the

technology employing between 9000 and 15,000 people by

2030 (extrapolated from [40]).

From the wider societal or government perspective, the use

of SWHs results in reduced dependence on imported energy

and imported equipment (postponement of construction of new

generation plants), and significant savings can be made on

convertible currency. A SWH scenario can save the country

between $95 million and $250 million over the next 25 years in

just the three sectors with respect to the CTPP scenario. Savings

in electricity made from water heating can then be made

available to other sectors and boost production for the whole

economy. The use of scarce foreign currency to finance energy

imports deprives the productive sector of inputs and slows down

investment. The government, as the custodian of societal public

goods, is also in a position to safeguard non-renewable energy

resources such as coal used in electricity generation and wood

stocks with resultant significant environmental benefits.

SWH would benefit the electricity utility as it reduces peak

demand and avoids the expensive dispatch of inefficient plants

to meet peak demand. ZESA can also phase out the costly ripple



9 Breakspear [44] measured about 20.6 kWh/day consumption for a high-

income household in South Africa (using 270 l of hot water) of which 6.75 kW

were standing losses leaving only 13.65 kWh for actual energy use. Merrigan

and Parker [32] measured consumption of 18 family units with average

consumption of about 211 l/day and found average consumption for a 3.6

person family to be 8.3 kWh and for 4-person household to be 11.4 kWh. These

experiments were performed in Florida (US) from 1976 to 1977 before

improved insulation was a standard requirement. Basson [45] gave average

daily electricity consumption estimates of about 12 kWh for South Africa with

peaks in winter of about over 15 kWh.
10 In Florida, annual average temperatures are about 23.5 8C, with a minimum

average of 18.8 8C and a maximum average of 28.1 8C while in Zimbabwe the

mean maximum temperatures range between 22 and 36 8C in the hot season,
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control technology and avoid any sophisticated metering that

may enable control of domestic consumers. It also enables

better system planning when the system load factor is

improved.

8. Discussion

8.1. Base case estimates

From the analysis, it is apparent that most of the water

heating thermal demand emanates from the domestic sector. Of

the total thermal demand, the domestic sector accounts for 99%

of the demand, hence hospitals and hotels have insignificant

contribution to water heating energy demand.

A number of factors are important in understanding and

interpreting these results. Firstly, consumption patterns are

fairly well understood for the domestic sector and a number of

surveys and studies have been conducted in Zimbabwe to assess

domestic energy consumption patterns. The same cannot be

said about energy consumption in health institutions and the

tourism sector. ESMAP [1] surveys estimated consumption

patterns in rural health institutions but made no estimates for

urban institutions. What is apparent is that health institutions

use multiple energy sources for water heating but the

characteristics have not been well studied. Faced with these

difficulties, we therefore estimated energy demand for water

heating in hospitals by assuming that all institutions use

electricity for water heating and estimating the demand per

hospital bed/patient. We use consumption estimates made in a

study conducted in Indonesia at St. Carolus Hospital which

indicated that each patient requires about 30 l of water a day

and average specific electricity use per litre of water of about

0.03 kWh [41]. It may be necessary to confirm such estimates

for Zimbabwe. Statistics on the number of hospital beds and

bed occupancy are fairly accurate from national health

indicator studies and other research activities.

On the other hand demand for hot water in modern hotels is

well documented. There are slight variations in estimates of hot

water demand8 from which average values can be derived. Such

average values provide typical hot water demand in tropical

countries since hotel services are generally uniform. The

estimated specific electricity consumption per litre for several

studies reviewed also converges at about 0.03 kWh.

However, there are inherent inaccuracies from aggregate

demand since we use averaged room occupancy for the entire

year but in practice units actually consume more as they remain

online even when rooms are empty. Larger hotels using larger

boiler units may also be having oversized hot water systems

when room occupancy is low. Therefore even if room

occupancy is at 41%, actual energy consumption remains

high, unless such systems have low standing losses or smart

controls.
8 Roditi [42] reports about 80–100 l/room/day, FSEC [43] estimates about

120 l/room/day including restaurants and laundry.
Water heating patterns in the domestic sector are more easily

understood, but it may be difficult to generalise since individual

systems differ with regards to architecture, installation design,

insulation, hot water usage patterns, thermostat setting, position

of heating element, ratings, etc. To verify our analysis, we used

two methods to estimate water heating demand in the domestic

sector and were able to cross check the accuracy of our

estimates. The first uses empirical data from the electricity

utility statistics and can be assumed to be fairly accurate. Even

though demand estimates were extrapolated from 1992,

average household consumption has not changed. We also

estimated the number of conventional water heating systems

based on a 1993 study and compare the empirical data with

theoretical estimates. The theoretical (917 GWh) and empirical

(880 GWh) estimates agree within 4% range which we

conclude to be a good convergence.

Our theoretical estimates show that each electrical water

heater in the high-income households consumes an average

3536 kWh/annum or about 10 kWh/day. This is in agreement

with estimates made in other countries.9 There is also

convergence on our estimates of the number of electrical

water heaters installed in 2000 when we compare the estimated

average annual electricity use in water heating per household

and the estimated consumption per water heater.

Each electrical water heater is estimated to contribute about

1.1 kW of diversified demand to the electricity winter peak

demand while each solar water heater reduce coincident peak

demand by 0.7 kW. This figures were estimated from empirical

studies conducted over 2 years in 18 households in Florida (US)

from the 1982 to 1984 [32]. We justify the use of the Florida

figures because of similarities in average ambient temperatures

between Zimbabwe and Florida (in the absence of any other

credible source).10 Temperature is an important element in

water heating as the amount of heat required is depended on the

temperature of incoming cold water and overall energy demand

is dependent on standing losses which are directly related to the

ambient temperatures.

For the low-income households, we assumed that 30% of

stove use is to heat water based on studies conducted in Burundi

[21]. It is important that further research be conducted in
mean minimum temperatures range between 10 and 24 8C in the cool season

(for Harare, the annual average temperatures are about 18.1 8C) Source: http://

www.worldclimate.com/sources.html: Florida (Flamingo Ranger Station, Mon-

roe County) data derived from 30 years between 1961 and 1990: Zimbabwe-

Harare (Belvedere Station) data derived between 1949 and 1984.

http://www.worldclimate.com/sources.html
http://www.worldclimate.com/sources.html
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Zimbabwe to verify such assertions including determination of

average hot water use per person in the different income groups.

There is also need to define the boundaries between water

heating and cooking for the groups who use stoves and the

possible multiple fuel and device use. For instances, some

households use both the conventional water heater and stove or

an electric kettle depending on hot water application.

Similarly, health institutions are known to use many energy

carriers for water heating. The older and bigger hospitals such

as Harare Central Hospital use large coal-fired boilers to heat

water for cooking and laundry. Rural institutions are more

likely to use a lot of wood fuel depending on accessibility and

availability. Our assumption that all medical institutions use

electricity for water heating only allows us to estimate the

thermal demand in the absence of detailed information and

hence further surveys need to be conducted to assess the various

energy consumption patterns.

The aggregate coincident winter peak demand due to water

heating of 277 MW represents about 13% of Zimbabwe’s

national winter peak. This may appear large but estimates in

other countries are higher, e.g., Merrigan and Parker [32]

estimated that electric water heaters account for about 25% of

the utility winter peak demand in Florida. McDiarmid [20]

estimated that water heating in all sectors contribute about

84 MW to peak demand in Zimbabwe. He based his estimate on

assumption that total electricity use for water heating in all

sectors was about 615 GWh.11 Another study [6] indicated that

the utility (ZESA) managed to clip off about 7% of system peak

by controlling about 39,000 water heaters during the morning

and evening peaks in Harare and Bulawayo. The same study

estimates the potential of peak demand shaving to be at least

10% if additional loads are controlled. Therefore, a 13%

contribution to winter peak demand is well within practical

expectations. Of course during warmer days, the diversified

demand goes down to about 0.2 kW/water heater. Unfortu-

nately utilities should be able to supply the winter peak demand

without service interruptions and also plan new generation

capacity based on probable loss of load during such peaks.

8.2. Scenarios

Growth in thermal energy demand for water heating is

assumed to be mainly driven by population growth. Since our

target group is mainly urban households, we assume demand is

driven by household growth as projected in national statistical

reports.

Implicitly assumed also is the growth in urbanisation and

economy. For the tourism sector, growth in demand is directly

related to GDP growth. We assumed that GDP continues to

decline until 2005, after which modest economic growth is
11 He assumed that mining uses 0.1%, industry 1%, farming 0.2%, commercial

4.3%, metered households 31.5% and load limited households 10% of their

electricity for water heating. Additionally, he estimated that water heaters are

on for 50% of the time giving a load of about 140 MW and assuming a diversity

factor of 60% during peak periods, this gives an effective contribution of

84 MW to peak demand.
attained. These estimates are not robust, but our results are not

much affected because the tourism industry contributes only

less than 1% of the energy demand for water heating.

In the BAU scenario, we assume that all electricity for water

heating is imported. In reality, BAU is a combination of locally

generated electricity from thermal power stations (32%) and

hydro power stations (29%) plus about 41% imported

electricity in 2000, see Fig. 1. This could constitute another

scenario. However, in this paper we want to illustrate the

distinct impacts of each unadulterated trajectory.

We assume in the business as usual scenario that there

continues to be excess capacity in the SAPP region. Costs for

maintaining transmission lines and the distribution networks

are ignored in this case as we assume these activities will be

carried out anyway as part of the SAPP backbone infra-

structure. However, there may be need to upgrade transmission

capacity or build new lines and substations when imports

exceed current demand levels. These costs would then count

towards Zimbabwe’s importing needs.12

Costs of electricity traded in the SAPP region are fairly low

largely because there is excess capacity. However, South Africa

is rapidly electrifying the whole country (about 450,000

connections/annum) [46] and its economy is likely to continue

growing in the post-apartheid era. No excess capacity is

expected beyond 2007 and unless additional capacity is

installed in the region. Additionally, economic growth and

investments in neighbouring countries may reduce excess

capacity significantly. For instance, the $2 billion Mozal

aluminium smelter in Mozambique already started consuming

450 MW for the first phase of the project and when completed it

will consume a staggering 900 MW as a single investment [47].

This is three to four times the electricity consumption of

Mozambique and changes the complexion of power trade in the

region. The political situation in Democratic Republic of

Congo is unpredictable making it an unreliable long-term

source of power. All these pressures on existing capacity may

see increases in the costs of traded electricity as scarcity

increases. This has to be taken into account when considering a

long-term import strategy. Additionally, ZESAs policy has been

to limit imports to 20% of total demand thereby ensuring that

there is adequate internal generation to at least meet national

demand [6]. ZESA has been forced to go beyond the minimum

import limits but long-term strategies may still be based on the

minimum import criteria. Therefore Zimbabwe may strategi-

cally limit its imports or it may be forced to do so. Whichever

outcome, an importing scenario is not viable in the long term as

it generally undermines security of supply and put the country

at an economic disadvantage.

The coal thermal power plant scenario requires considerable

investment in generation capacity ($639 million over the 25-
12 The cost of interconnecting transmission lines is very high, a 330 kV line

costs around $145,000 km�1 and its O&M costs are around $9,600 km�1. The

250 km Cahora Bassa/Bindura 330 kV/500 MW interconnector cost about

$36.3 million while the 400 kV/500 MW Matimba Insukamini interconnector

cost about $42 million. Eighty to eighty-five percent of these costs were foreign

related which demand scarce foreign currency [6].
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year period). The lack of investment in electricity generation

capacity in the past two decades is testimony to the difficulties

the country has had in financing the electricity sector.

Mangwengwende [48] points out the need for legal and

regulatory reform especially tariff reforms, which are

considered pre-requisite for private sector involvement and

attainment of long-run marginal costing. It is unclear whether

current reforms in the electricity sector will attract investment

in electricity generation. The national utility ZESA is currently

in a poor financial position to make any meaningful investment

in power generation. Considerable progress has however been

made in grid extension, due mainly to the rural electrification

levy imposed on electricity charges. In the CTPP scenario, we

assume that coal power plants are built every successive 5 years

to meet demand projected in subsequent 5-year period. In

reality, it may take more time to build a power plant and

therefore investment patterns would have to consider such time-

dependent critical paths.

Solar water heating is assumed to follow a logistic function

of technology diffusion in order not to overestimate the

diffusion rates of SWHs (see Fig. 5). We assume that we can

only achieve market penetration of 50%. This seems practically

achievable, since there already exists at least 73 companies that

have capacity to install solar systems and at least 10 of them

have been installing SWH systems. Capacity to install SWH

depends upon the number of companies, their experience,

number of employees and whether the installation is for a new

house or replacing an old electrical system. The logistic

function therefore fits in well with gradual building of capacity

and experience. The shape of the logistic function which

defines the rate at which systems are installed can be influenced

by policies that accelerate market transformation.

The SWH-II scenario is the cheapest option since it avoids

investments in new power generation capacity and relies on

imported electricity. However, the importing trajectories are

very sensitive to electricity import prices. There are also

worries about self-sufficiency and national energy security.

Transnational trade can be a victim of global/regional politics

and fluctuating prices can make planning difficult.

The SWH-I scenario requires significant investment in

internal generation capacity. This plant capacity becomes

redundant in the long term, and the excess power can be used

elsewhere in the economy. Local generation has an advantage

as far as national energy security is concerned, but the foreign

components of initial investment costs are around 60–70%.

Maintenance and rehabilitation of plants also involve sub-

stantial amounts of foreign currency, for example 86% of the

costs of refurbishing small thermal power plants are foreign [6].

In contrast, 90% of the components of SWHs are local and only

10% are foreign related [1].

Water heating consumes about 42% of domestic energy

electricity consumption but this is only 8% of national

electricity consumption. From a utility perspective, ZESA

would want to sell more electricity and currently has a program

to connect more customers and encourage more electricity

usage (the so-called widening customer base and deepening of

sales marketing strategy). At the same time ZESA has a
program to reduce power (kVA) demand especially by larger

customers in an effort to reduce the burden on the electricity

system and peak demand capacity requirements. The water

heating ripple control is testimony to the concern by the utility

to reduce peak demand. It is therefore in the interests of the

electricity utility to encourage solar water heating as it

improves the problematic domestic load factor, reduce peak

demand and still sell electricity during the night when demand

is low for industrial production. ZESA would lose money if it

dispatched inefficient plants to meet peak demand requirements

from the domestic sector because the domestic tariff does not

include a maximum demand charge and has generally lower

tariffs than the productive sector tariff. Therefore, from a

national perspective, water heating is only problematic as far as

peak demand requirements are concerned, although energy

savings are also important as they relate to depletion of non-

renewable resources and the opportunity costs of electricity,

wood fuel and paraffin used.

9. Conclusions

In this paper, we demonstrated the importance and

significance of water heating in the national energy end-use

regime in Zimbabwe and concluded that solar water heating can

result in economic, social and environmental benefits for the

whole country.

Unlike other renewables, SWH can make a difference in the

energy supply on a national level in absolute terms especially

with regards to the critical winter peak demand reduction. SWH

is also an appropriate technology for developing countries in

general as it can be implemented by small- and medium-scale

enterprises as is shown by practice in developed nations. Local

production of all components is possible with broad-based

national smart policies. Investments can be incremental,

adaptive and reflexive rather than substantial and unmanage-

able.

We have shown that water heating in the residential, health

and tourism sectors contributes about 13% of the coincident

winter peak demand and accounts for 8% of final electricity

consumed in the country. Total energy consumed for water

heating in the three sectors was estimated to be about 9300 TJ

and total thermal demand amounted to about 4350 TJ. Sixty-

five percent of this demand was electricity while wood fuel

accounted for most of the remaining 35%. The high-income

household subsector accounts for 93% of the total water heating

thermal demand while the tourism and health sectors contribute

less than 1%.

Under a business as usual scenario, energy use for water

heating in the three sectors will increase by about 109% to

19,170 TJ in 2030 consisting of 1900 GWh of electricity,

770 kilotonnes of wood fuel and 1.3 million l of paraffin. Peak

demand is expected to increase by 112% to 586 MW.

If solar water heaters are deliberately introduced in the three

sectors, it is possible to save about 104 PJ of final energy use

over the period 2005–2030 assuming a 50% market penetration

and a modest diffusion rate. A higher diffusion rate and a higher

market penetration results in 54% savings of the BAU scenario
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or 208 PJ. Solar water heating can also result in discounted cost

savings of between $95 million and $250 million depending on

the source of backup electricity. Likewise, quicker market

transformation and higher market penetration can result in

savings of between $137 million and $297 million.

Between 60% and 85% of these costs are foreign related. In

contrast, 90% of the components of SWHs are local and only

10% are foreign related. Similarly, environmental emissions

can decrease by about 58% with respect to a new power plant

scenario.

A solar water heating scenario where backup electricity is

imported (SWH-I) is the cheapest option since it avoids

investments in new power generation capacity. Concerns about

self-sufficiency and national energy security are unimportant

with solar water heating in the long term as the country

becomes less dependent on imported electricity.

Backup for solar water heating is necessary during off-peak

hours when electricity prices are favourable. Peak demand is

reduced by 64% per water heating device and nationally peak

demand can be reduced from 13% to about 5% with significant

benefits to the utility and the whole economy.

Solar water heating would benefit the electricity utility as it

reduces peak demand and avoid the expensive dispatch of

inefficient plants to meet peak demand.

From an individual household accounting perspective, solar

water heating allows discounted cost savings of about $1000

over a 15-year period. This means families can invest the

savings in other critical welfare needs. Households also benefit

from uninterrupted supply of hot water. There are also

externalities associated with traditional water heating practices

such air pollution, paraffin poisoning, fires and burns.

For hotels and health institutions, solar water heating can

bring reduction in their electricity bills which can be transferred

to either customers, shareholders value or employee welfare.

This should improve competitiveness and improve customer

service.

Government, as the custodian of societal public goods, is in a

position to safeguard non-renewable energy resources such as

coal used in electricity generation and wood stocks with

resultant significant environmental benefits. SWH reduces

dependence on imported energy such as electricity and paraffin

and it can delay the construction of new generation plants.

Hence, there are cost savings associated with imported

equipment for new generation plants and convertible currency

and this is critical for the government. Savings in electricity

made from water heating can then be made available to other

sectors and boost production for the whole economy. The use of

scarce foreign currency to finance energy imports deprives the

productive sector of inputs and dampens investment. Wide-

spread use of solar water heaters can result in the creation of an

industry and more employment per kilowatt-hour than

conventional electricity generation industry.

10. Recommendations

To achieve widespread solar water heating dissemination in

Zimbabwe, we recommend the development of a broad-based
policy framework which includes relevant government depart-

ments, the electricity utility ZESA, the private sector, research

institutions, financial institutions, support and community-

based groups such as NGOs. Government through the

Department of Energy could provide leadership in steering

the process. It may be necessary to enlist international

leveraging financing to support local financial institutions that

may not have experience in financing renewables.

Broad policy strategies which can support alternative energy

sources such as solar water heating are already in current

government policy, but this political will has not yet been

translated into enhanced practical activities. This is probably

because of the traditional planning priorities and the

fragmentation of efforts to promote renewables. Prevailing

macroeconomic conditions have been cited as contributory to

stagnation in renewable energy diffusion, but another school of

thought may argue that such cost-effective initiatives may assist

in the economic recovery process. What is required are

conducive and enabling policy instruments crafted in a multi-

stakeholder and interactive framework. This approach enables

more ideas to be generated and better strategies to be

formulated.

Barriers to the diffusion of renewables are well documented

and barrier identification studies have been done including in

Zimbabwe. Even though we have shown in this paper that it

makes economic sense to invest in SWH, it is clear that the

initial investment cost is the major impediment to widespread

dissemination. There is therefore need for appropriate and

broad-based policy initiatives that removes such impediments

and create market transformation for SWH.

It is also recommended that education of potential

consumers become central in any strategy to promote SWH.

Consumers should be educated on investment decision making,

basic technological insights and accessing any facilities for the

adoption of such technologies. All stakeholders should do their

share of educating the public but community-based organisa-

tions and NGOs could take the lead.

Financial instruments are required to push-start the

promotion of SWHs. Since the biggest problem is the initial

cash outlay, it implies therefore that some form of support or

innovative financial mechanisms is necessary to reduce the

burden of high upfront costs. These economic instruments

should be part of a broader fiscal policy. All key stakeholders

should participate in the process and this includes government

by instituting fiscal support through incentives and disin-

centives such as tax and duty reductions for systems and

activities related to SWH.

Since investment in SWH entails a transfer of investment

responsibilities from public bodies (in Zimbabwe the national

utility, ZESA and indirectly the government) to private

individuals, the benefits that accrue to these public bodies

can be shared and translated into some form promotional

schemes such as subsidies for the private individuals.

Additionally, there is need for support for innovative private

sector and research institutions who wish to undertake

development of local components which in the long term

may be copied by other private companies. It is therefore risky
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for the private sector to invest heavily in technology

development when they may lose the ‘first-mover’ advantage

in the long term. Again it is also the role of government to

reward innovators, set market rules and share the technology

risks as custodian of public good. International ‘green’ finance

and other ‘clean energy’-related investment mechanisms could

also be useful in this respect. The electricity utility can also

develop further incentives by for example offering long-term

loan repayment through the electricity bill. ZESA is already

investing in costly ripple control and therefore can save by

assisting in a SWH financial scheme.

Financial institutions such as building societies/mortgage

lenders can also participate by offering long-term loans at

mortgage interest rates for water heating system retrofits for old

houses and as part of the mortgage for new houses. Lysen [49]

summarises some innovative financing schemes compiled by

the Utrecht Centre for Energy Research.

Normative and regulatory instruments are also required to

support promotion of SWHs. There is a lot of scepticism when

it comes to renewables and their potential to displace traditional

energy carriers. This is based on misconceptions, bad

experiences and uncertainties about real performance. We

recommend the provision of some form of guarantee system

tied to the supplier. This will force companies to produce high

quality systems. Installers should be accredited and registered

to an institution in the same way that other trades such as

medical doctors have registries. Consumers should be educated

about how to make such choices, and again a communicative

instrument plays a key role.

We also recommend the drafting of nationally agreed

standards for solar water heaters within the multi-stakeholder

framework, taking into account different sectoral needs. Other

countries such as Israel, Greece and Cyprus have had success

with SWH promotion by some legislative measures such as

making it obligatory for every building to install a SWH system

[50]. This may be feasible for new houses, but may be difficult

and expensive to enforce for old houses. Such an instrument

may also face a lot of resistance and backfire on the whole

initiative. Other countries such as India have also started to

legislate compulsory SWH installation on all new institutional

buildings that use large quantities of hot water.

Finally, given the potential of SWH evaluated in this paper, it

is apparent that SWH can play a significant role in alleviating

the energy and economic problems in Zimbabwe.

Acknowledgements

We gratefully acknowledge Stephen Karekezi of the African

Energy Policy Research Network for providing assistance during

the study formulation. We are grateful for the assistance provided

by Norbert Nziramasanga of Southern Centre for Energy and

Environment with respect to data and comments he provided. We

also thank Ralph Tirivanhu of the Department of Energy,

Zimbabwe for his comments and critique on the initial proposal

for this study. We are further grateful to the following people for

the comments, information and critique they gave during the
study: Bert Brouwer of Brouwer Energie Consult BV; Egbert

Gramsbergen of Gramsbergen Solar; Anton Schwarzlmuller of

Domestic Solar Water Heating Ltd.; Carol Sibanda of Solahart

Zimbabwe; Derrick McDiarmid of Solamatics and R. McDiar-

mid & Co. Ltd.; and Masunda Chimhamhiwa of the Zimbabwe

Sun Hotels, Resorts and Lodges.

References

[1] ESMAP. Zimbabwe rural electrification study. ESMAP Report 228/00.

Joint UNDP/World Bank Energy Sector Management Assistance Pro-

gramme; 2000.

[2] SAPP. Southern African Power Pool Statistics 2005/6; 2006.

[3] Kayo D. Power sector reforms in Zimbabwe: will reforms increase

electrification and strengthen local participation? Energy Policy

2002;30:959–65.

[4] SAPP. Southern African power pool: annual report 2001/2. Harare; 2002.

[5] IMF. Zimbabwe: selected issues and statistical appendix. IMF Country

Report No. 03/225. International Monetary Fund, Washington, DC; 2003.

[6] Mawire M, Kapuya ET, Harlen RM, Dube I. Demand side management:

‘‘a Zimbabwean perspective’’. Paper presented at the domestic use of

energy conference, Cape Technikon; 1998.
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