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Abstract: In Nigeria, there is an estimated deficit of 17 million housing units. Power supply is
insufficient, and the electricity supply for about 60 million Nigerians relies on private generators,
causing noise, pollution, and high expenditures for mainly imported fuel. Altogether, current
challenges clearly demonstrate the need for effective energy efficiency policies targeting also the
building sector. The Nigerian Energy Support Program began in 2013, among others, with the
objective being to support the Nigerian Government in developing the Nigerian Building Energy
Efficiency Code. This paper presents two preparatory activities carried out in order to come up
with suggestions for a legal framework well suited for the situation on the ground: the Case Study
Building Analysis carried out in collaboration with a Nigerian developer and the Nigerian Building
Energy Efficiency Guideline, elaborated together with stakeholders. The results of preparatory
activities pointed out that the code must put emphasis on climate adaptive design and must define
requirements and procedures in a clear and simple way to allow for effective enforcement. Only then
can energy-efficient mass housing be feasible in Nigeria. The paper concludes with a description
of the Nigerian Building Energy Efficiency Code (BEEC), officially approved and launched by the
Federal Minister of Power, Works and Housing on 29 August 2017.
Keywords: affordable housing; climate adaptive design; energy building code; energy transition;
stakeholder engagement; policy pathways; developing countries; tropical regions

1. Introduction
This paper describes the policy pathway towards increasing the energy efficiency of the Nigerian
building sector. The core element is the development and implementation of a new legal framework
addressing the energy efficiency in buildings, namely the Nigerian Building Energy Efficiency Code
(BEEC). The code development is based in particular on two main results of stakeholder involvement
activities providing the basis for BEEC development: The Nigerian Building Energy Efficiency
Guideline (BEEG), and a case study carried out in collaboration with a Nigerian developer. Activities
were carried out as part of the Nigerian Energy Support Program (NESP), a five-year working program
(2013–2018), implemented by Deutsche Gesellschaft für Internationale Zusammenarbeit (GIZ) GmbH
in collaboration with the Federal Ministry of Power Works and Housing (FMPWH), and funded by the
German Government and the European Union.
The paper first outlines basic information about the Nigerian building sector, in order to better
understand the challenges of code development. The BEEG is described, aiming at creating awareness
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for the need for energy efficiency among stakeholders, and a common understanding on the challenges
and possible solutions. Discussions with stakeholders in preparation of the BEEG as well as the
development of the BEEG made it clear that climate adaptive design is the key to reducing electricity
consumption for cooling in a cost-efficient way. In order to learn more about the gap between current
design practice and climate adaptive design, a demonstration project was started together with
a Nigerian developer, aiming at improving standard designs with various energy efficiency measures
including renewable energy systems. Both activities, the BEEG development and the case study
analysis, helped to shape the requirements for developing the Nigerian BEEC. The actual code as
approved and launched by the Federal Minister of Power, Works and Housing on 29 August 2017 is
also described, complemented by a discussion of and conclusions on the material presented.
1.1. Status Quo: Overview of the Nigerian Building Sector
1.1.1. Responsible Authorities and Legal Framework
The Federal Ministry of Power, Works and Housing (Housing Sector) is the umbrella policy
arm of the Federal Nigerian Government charged with the responsibility of ensuring adequate and
sustainable housing delivery and maintenance of a conducive living environment that meets the needs
and aspirations of the Nigerian citizens. The Ministry’s mission is to facilitate the provision of adequate
and affordable housing for all Nigerians, in both the urban and rural areas, in a secure, healthy and
decent environment.
Key functions of the Ministry, which have been consolidated over time, include the following:

•
•
•

Formulating policies and setting standards;
Monitoring the implementation of policies and enforcing compliance with codes, regulations
and standards;
Providing, upgrading and maintaining infrastructure for the housing stock, including public
buildings of Federal Ministries.

The National Building Code provided by the Federal Government is a set of rules, currently
mainly referring to the structural system, general safety, and fire safety, without specific requirements
regarding energy efficiency and renewable energy use. Because the code can only be mandatory for the
buildings owned by the Federal Government, it is pertinent that the code is domesticated in the various
states of the federation, in order to create an effective regulatory framework for implementation and
enforcement at the local level. In urban areas, the building codes and building permit procedures
are relevant, except small buildings defined by building area or by building volume, while building
legislation is practically non-existent in rural areas.
However, the absence of powerful enforcement mechanism has been a major drawback to the
effective operation of legislation in general, and notably in the building sector [1].
In the context of the building code, the Nigerian Urban and Regional Planning Law, (NURPL)
Decree No. 88 of 15 December 1992 is essential because it guides the policies for urban planning and
development in the Nigerian states. Among others, designated authorities are required to prepare and
implement the following instruments of spatial development: town plan, rural area plan, local plan,
and subject plan, and the control of development within their area of jurisdiction. NURPL provides
the regulation of aspects such as the height of buildings and distance between buildings, building
orientation, air movement, and public green spaces. Thus, provisions can either hinder or support
energy efficiency at the building level, as well as renewable energy use. Currently, business-as-usual
procedures do not take these aspects into account.
NURPL also provides for the establishment of a department known as the Development Control
Department. It gives the planning bodies the power to approve building permit applications with
amendment, or reject applications completely.
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1.1.2. Energy Supply of Buildings
In Nigeria, affordable electricity supply is neither sufficient nor reliable, and the gap between
the demand for and supply of energy is deepening. The Nigerian Energy Sector Study illustrates
the urgent need for energy efficiency policies as a partial remedy to the problem [2]: According to
the Nigerian Electricity Regulatory Commission (NERC) statistics, 80% of actual generation capacity
in 2015 comes from gas-based power plants, while the remaining energy comes from hydro power
plants. For installed capacity the ratio is 84% from gas and 16% from hydro power plants. The existing
fleet of power plants is a mix of plants built before the 1990s and plants built (or being built) since
the mid-1990s. Since the older thermal power stations suffer considerably from poor maintenance,
the available generating capacity was just under 6200 MW in 2012 and has risen to only 6840 MW in
2015. However, unavailability of gas and water shortage severely limits the power plant performance,
and grid constraints seriously affect security of electricity supply. Estimated peak demand is about
12,800 MW, while peak generation is at best about 5000 MW, and the only way this extreme shortfall
can be made up is by relying on off-grid generation. According to a 2013 survey, approximately 80% of
Nigerians use alternate sources of electricity supply, such as generators or solar inverters. Estimates
suggest that between 8 and 14 GW of decentralized generator capacity (diesel and petrol) is currently
installed in the country. Furthermore it is estimated that 86% of the companies in Nigeria own or
share a generator with 48% of their total electricity demand being covered by these private generators.
With several millions of privately installed diesel generators, Nigeria leads Africa as a generator
importer and is one of the highest importers worldwide, with the total annual import figure being
NGN 17.9 billion (US$ 112 million) [2].
However, this method of electricity generation is certainly problematic, not only because of the
evident negative impact on people’s health as a consequence of permanent air pollution and noise,
but also because of lack of reliability regarding fuel supply. Although Nigeria is ranked as the largest
African OPEC crude oil producer, its capacity in refineries is very small, and the major share of petrol
and diesel must be imported [3]. Extreme fluctuation in oil prices, for example from US$147 in July
2008 to below US$45 by December 2008, and from US$115 in the second quarter of 2014 to below
US$30 as of January 2016, have heavily affected Nigeria’s budget, because an average of 80% of
government revenue depends on oil exports. In addition, pipeline violations as a consequence of the
independence movement of the Delta region have negatively impacted on production capacity [4,5].
As a consequence, fuel subsidies have been under review and attempts were made to cut them.
However, this caused the doubling of prices and, as a result, alarming social unrest [6].
The above said clearly explains the motivation for developing and implementing energy efficiency
policies in addition to strong efforts to improve the availability of affordable electricity, be it on-grid or
off-grid supply. Tapping the full potential of energy efficiency definitely reduces energy demand and
thus certainly relieves pressure from the energy supply sector.
1.1.3. Current Building Practice and Characteristics of the Building Stock
In Nigeria, an enormous effort in building construction is necessary to catch up with the estimated
deficit of 17 million housing units. It is paramount to provide housing for the masses, but it is
also clear that construction activities will certainly increase pressure on the existing energy supply
system without effective policies targeting energy efficiency and decentralized utilization of renewable
energy [2].
Despite fluctuating or even failing grid electricity supply and also fuel scarcity posing a problem
with running own generators, there is the observation that new buildings are predominantly designed
according to what is called an “international style of architecture”. This design approach does not
take into account the energy-related characteristics of the location of a building, but balances local
conditions with the increased use of building services associated with an enormous amount of energy
for air-conditioning and lighting, thereby increasing energy cost [7].
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In Nigeria, there seems to be a general a lack of awareness about the direct link between
building design and technologies, and their impact on energy efficiency in the state of the art building
design. Traditional building materials and concepts responding to local climatic conditions are usually
considered unprogressive, while modern materials and building designs from abroad are preferred,
leading to designs that consume a large amount of energy, especially for cooling and lighting [1].
Even though there are a series of well-tested and advanced strategies available that would suit the
climate (e.g., use of phase change materials, activation of thermal mass), these measures are not well
established, as there is no local precedent available.
However, assessment of the status quo relies on experts’ opinions, case study analyses, and general
observations, because neither systematic data collection on the technical characteristics of the building
stock is available, nor data about actual electricity consumption related to building types. There are
even more challenges complicating the assessment of baseline information: the existence of suppressed
energy demand (see Section 1.2), the practice of so-called estimated billing (households are charged
based on estimations and not based on actual consumption due to absence of meters), electricity theft,
and the fact that private generators take over in case of grid failure.
With regard to the utilization phase of residential buildings, Nigerians mostly rent or build houses,
while the practice of buying houses is uncommon. Usually, rent is paid in advance for 12 or sometimes
even for 24 months. Apart from difficulties in raising a substantial amount of money at a stretch,
this practice also means that the owners will often not settle problems encountered in the buildings,
since they have already been paid and therefore have no incentive to solve problems reported to them.
The summary of status quo presented above clearly shows that energy efficiency policies have
to address the building sector in a way that initiates the necessary extensive paradigm shift towards
energy saving design, construction, and utilization of buildings. However, it also demonstrates that
the challenges are enormous, among others due to the severe lack of awareness among architects,
engineers, builders, and clients, and due to the fact that reliable data is practically non-existent.
1.2. Challenges for Policy Makers: Urbanization, Housing Deficit, Suppressed Electricity Demand
The challenges described above are even enormously aggravated by rural-urban migration
resulting in vast urbanization, which contributes to the huge housing deficit that Nigeria is facing.
Urbanization leads to increased electricity consumption in buildings because of the development of
the service sector on the one hand, and the increasing demand for energy services such as refrigeration,
lighting, and cooling in the residential sector on the other hand.
In developing countries, people use approximately 50% of the total national electricity
consumption in urban buildings. Currently, 40% of the African population (in total over 1 billion
inhabitants) live in urban areas, and by 2050 this will increase to 60% (in total reaching the 2 billion
mark) [8]. With a view to the situation in Nigeria, in 2015, the rural population has decreased to 52%
compared to 85% in 1960 (percentage of total population), whereby the rural population refers to
people living in rural areas as defined by national statistical offices [9]. With more than 190 million
people in 2017, Nigeria is among the nine countries where half of the world’s population growth is
expected to be concentrated from 2017 to 2050 [10].
Relating population growth with the current average electricity consumption per capita and
the UN Sustainable Development Goals reveals the major challenge regarding electricity supply:
Indicators about energy consumption are very low compared to other countries. For Nigeria, the latest
available indicator at a national level dating from 2015 is 140 kWh electricity consumption per
capita (not including privately generated electricity) according to the statistics of the International
Energy Agency (IEA) [11]. This indicates that suppressed demand is huge, meaning that as soon
as energy is available at affordable cost, people will use it to meet their demands, e.g., for domestic
hot water preparation to improve hygienic standards, for cooking hot meals more than once per day,
for consumption of electricity for ventilation, air-conditioning and lighting, or electronic devices.
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The fact that an increase in electricity consumption per capita will certainly be necessary, in order
to achieve the UN Sustainable Development Goals, emphasizes the important role of energy efficiency
policies in general, and especially thus addressing the building sector [12].
In view of the rapid population growth, the continuing rural-urban migration, and the expected
increase in energy consumption, it is abundantly clear that energy efficiency potentials related
with building designs must be exploited in order to reduce electricity demand for ventilation,
air-conditioning, and lighting as much as possible. In this regard, the energy building code was
identified as an important policy measure, provided that the code is suitable to be applied for
mass housing.
2. Methodology
When the work for code development started, it was a clear requirement to avoid mistakes made
in the past, namely taking legislation from other countries and adopting it without adequately adapting
it to the true conditions concerning the technical, economic, and the societal environment, resulting in
an ineffective legal framework. West African stakeholders consulted during the development of the
concept note on energy efficiency in buildings as part of the SEEA-WA project under the lead of ECREEE
(ECOWAS Centre for Renewable Energy and Energy Efficiency), the ECOWAS (Economic Community
of West African States) Centre of Renewable Energy and Energy Efficiency, had certainly emphasized
the importance of this problem [13]. Therefore, existing building codes should not only be reviewed
to take into account lessons learnt elsewhere, but rather considerable attention had to be paid to the
environment in which the code would be put into practice.
At the beginning of the work, existing energy efficiency building codes implemented in
other countries were reviewed in order to benefit from their experiences and lessons learned.
Several technical documents and reports on energy efficiency requirements, evaluation studies on
implementation, compliance, and control were studied, among others [14–17], as well as documents
available at the QUALICHeCK Platform [18], to mention only a few. They provided input for the
discussion of possible approaches with stakeholders and served as a good basis to create a common
understanding about the options on how to go about the development of an energy efficiency building
code, which would be effective in practical application in the Nigerian environment.
Stakeholder discussions resulted in the conclusion that prior to launching the Nigerian
Building Energy Efficiency Code (BEEC), information would be necessary in order to address the
severe lack of awareness regarding energy efficiency in buildings in the professional environment.
Thus, it was decided that the first Nigerian Building Energy Efficiency Guideline (BEEG) would
be developed—structured along the main chapters of the future BEEC, but focusing on general
information and guidance to achieve energy efficiency in the Nigerian building environment rather
than presenting requirements, and to demonstrate its practical feasibility by implementing a pilot
project together with a Nigerian developer.
Thus, building upon the review of existing codes and lessons learnt, two major preparatory
activities were launched as an important basis for developing the actual energy efficiency building
code, which are presented in more detail in this paper:

•
•

The development of the Nigerian Building Energy Efficiency Guideline (BEEG);
A demonstration project with a Nigerian developer.

Figure 1 summarizes the most important elements of code development and the time line of
activities. The specification of contents of the BEEG and the actual development of the document as
well as the demonstration project with the Nigerian developer, were carried out nearly in parallel,
whereas the parametric study for defining minimum energy requirements and developing the labeling
scheme built upon the lessons learnt from the two preparatory activities. They provided crucial
information to define the scope of and the procedure for the parametric study. The parametric study
was carried out within the period of one year (including stakeholder meetings and feedback loops).
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2.1.2. Procedure of BEEG Development
Development of the Guideline started in early 2015. A comprehensive stakeholder involvement
process was initiated to include all relevant professional associations in developing the Guideline,
and thus to ensure wide dissemination and application in practice. Reaching out to the relevant
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2.1.2. Procedure of BEEG Development
Development of the Guideline started in early 2015. A comprehensive stakeholder involvement
process was initiated to include all relevant professional associations in developing the Guideline,
and thus to ensure wide dissemination and application in practice. Reaching out to the relevant
stakeholders and holding discussions with them was essential to capture the status quo regarding
the qualification of staff designing and constructing buildings, as well as the qualification of staff
approving the building permit and permit of use, the availability of building products on the Nigerian
market, and the characteristics of the building stock, in order to define the requirements the future
energy efficiency code named Nigerian Building Energy Efficiency Code (BEEC) should fulfill.
Group discussions, workshops, and personal interviews were conducted with representatives
of the professional associations of architects, engineers, builders and developers, as well as with
representatives of the building authority and other units of public administration. International
experts substantially supported the elaboration of the Guideline by providing technical expertise.
2.2. Preparatory Activity 2: Case Study Building Analysis
2.2.1. Conveying the Advantages of Climate Adaptive Design
One of the key aspects of the second preparatory activity was to communicate and discuss the
current building practice with local stakeholders involved in preparing the case study buildings.
Within several workshops undertaken with the planning and development team of the case study,
the following aspects were highlighted in order to present advantages of climate adaptive design.
The aspects and advantages of climate adaptive design have been widely covered in literature.
One of the key aspects in this respect is to assess and learn from the vernacular architecture as described
in great detail in [19] and more recently in [20]. The outer building shell, with its direct interaction with
the climate, is especially of particular focus, as reviewed in depth in [21]. Schelbach further describes
in [22] how the fundamental principles of climate adaptive architecture can be applied to modern
buildings. The function of buildings is first and foremost to provide shelter, from external threats as
well as climatic conditions. A thermally comfortable indoor environment is therefore a prerequisite
in any design, however the term ‘comfortable’ depends on a series of external factors: personal
conditions (e.g., young, old, healthy, ill), activities (e.g., sleeping, working, running), and clothing
(e.g., light or heavy clothes). Influencing parameters on thermal comfort are usually temperature
(room temperature, surface temperature, temperature differences), air quality (humidity, CO2 levels,
oxygen levels, air velocity), and radiation (from systems, materials, or solar radiation).
The external climatic conditions obviously heavily influence the internal thermal conditions
of a building; however, Heating, Ventilation and Air Conditioning (HVAC) systems can provide
a defined indoor environment regardless of the building’s architecture. Providing a stable 21 ◦ C indoor
temperature even when the external air temperature is 35 ◦ C does not just result in exceptionally high
cooling energy demands, but also provides unhealthy environments, where people step from a hot
outdoor climate into a heavily cooled building. The more external factors such as climate, site, and use
of the building, are therefore taken into account during planning, resulting in a climate adaptive
building, the less (externally provided) energy the building will need in order to provide a comfortable
indoor environment. The use and time of use of the building play in this context a significant role in the
overall design: residential buildings are most heavily occupied during mornings, evenings, and nights,
with usually less usage during daytime. Non-residential buildings, such as office buildings, are mostly
used during daytime and are in addition characterized by heavier internal gains by people, machinery,
and lighting. Solar gains must therefore be even more rigorously reduced in non-residential buildings
to keep the cooling loads to a logical minimum.
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Climate-adaptive design takes advantage of the site without causing additional investment
cost, for example by reducing the impact on energy demand for cooling by appropriate orientation,
layout, and making use of natural ventilation. However, building orientation and also building layout
are certainly influenced by urban planning. While climate adaptive architecture clearly relies on
corresponding zoning plans regarding possible orientation, layout, height, and the like, standard
designs, which disregard local conditions, do not consider the characteristics of the place influencing
indoor air conditions, but use building service technologies and thus energy to deliver the requested
comfort. Climate adaptive architecture is thus based on a detailed assessment of the overall climate
as well as the local weather conditions such as daily and annual temperature, humidity curves,
and radiation.
2.2.2. Climatic Zones in Nigeria and Design Strategies
In Nigeria, there is no data on official climate classification from a Nigerian institution as the
agency responsible for this information. According to the Köppen-Geiger climate classification,
Nigerian is divided into five zones, namely the tropical savanna climate (Aw), the hot semi-arid climate
(BSh), the tropical monsoon climate (Am), the hot desert climate (BWh) and the tropical rainforest
climate (Af) [23].
Similarly, Nigeria is located wholly within the tropical zone but shows significant climatic
variations in different regions of the country. Two principal wind currents affect Nigeria.
The Harmattan, from the northeast, is hot and dry and carries a reddish dust from the desert.
The southwest wind brings cloudy and rainy weather. These conditions result in four climate types
distinguishable as one moves from south to north. The climate is predominantly hot and dry in
the north, with higher temperature and humidity swings, and it is hot and humid in the South,
with fairly constant temperature and humidity levels. For the hot and humid climate, the seasons are
not sharply defined, with constant temperatures throughout the year. Temperatures rarely exceed
32 ◦ C, but humidity is very high and nights are hot. The hot and dry climate exerts enormous influence
on the country and has a very distinguishable rainy season and a dry season [24].
With a specific view on Abuja, the savannah climate predominant in the Abuja region is
characterized by dry and wet seasons, constant high temperatures, low to moderate humidity levels,
and limited temperature differences between day and night. Based on these characteristic conditions,
one can deduct general architectural principles focusing particularly on cooling for these climatic
regions. Shading and high performance glazing are important to reduce solar gains. External envelopes
with low thermal transmittance can reduce heat losses, thus reducing the overall cooling load.
Temperature regulative building materials and high thermal mass, which can store and release heat,
ensure that heat generated during the daytime can be slowly discharged during cooler night times,
even when temperature differences are not too high. Buildings, which are partly buried in the
ground, can use the stable temperatures of the earth to balance peaks and variations in temperature.
Wind towers or earth ducts can be applied to pre-cool buildings, however consideration must be given
to the local micro-climate when using pre-cooling systems, as the effectiveness will strongly depend
on local temperature and humidity ranges.
The design principles should follow the approach in first exploiting passive design measures,
secondly in providing energy-efficient systems, and thirdly in applying renewable energy technology
(see Figure 2). This logical approach will ensure that the architecture will play a significant role in the
overall energy efficiency of the building, as it follows the requirement of the climate, site, and building
use. To support the exploitation of the thermal characteristics of the building structure together
with adequate use of building services and renewable energy systems, advanced thermal dynamic
simulation models can be used to provide detailed design scenarios.
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The mass residential and utility buildings can particularly profit from intelligent and economical
building design, which uses resources wisely, economically, and in a local context, as the principles of
climate adaptive architecture can and should be applied to any building in order to provide adequate
indoor thermal comfort in a highly efficient way under these challenging climatic conditions.
2.2.3. Objectives and Procedure of the Case Study
Discussions with Nigerian stakeholders made it clear that climate adaptive design is the key
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The detailed objectives of the development of the pilot project have been summarized as
follows:
•
•

Work closely with the local stakeholders to provide a knowledge base and sound methodology
for energy-efficient design to those involved in planning and constructing the building.
Consider local climate, resources, and design procedures in order to allow for a high replication
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The detailed objectives of the development of the pilot project have been summarized as follows:

•
•
•

•

Work closely with the local stakeholders to provide a knowledge base and sound methodology
for energy-efficient design to those involved in planning and constructing the building.
Consider local climate, resources, and design procedures in order to allow for a high
replication potential.
Define different scenarios for the energy-efficient design, which should vary in cost,
complexity and reduction in energy demand. Compare the ‘Business as usual’ design with
the developed scenarios.
Select the most appropriate energy-efficient design to be constructed together with the ‘Business
as usual’ design.

The procedure was to first assess the ‘Business as usual’ (BAU) design provided by the local
planners in order to quantify energy consumption and CO2 emissions. Based on the BAU design,
four scenarios which varied in terms of energy efficiency, implementation of advanced building energy
systems, and costs were developed in close collaboration with the local planning team to provide
appropriate designs that were suitable for the local environment in terms of material and system
availability, and local knowledge and skills, as well as local environmental and other framework
conditions. The development of the scenarios followed the principal logic of sustainable design
(see Figure 2), which had been elaborated with the local planning team. Each scenario consisted
of various sets of measures. The BAU, as well as the four developed scenarios were subsequently
analyzed in a detailed energy and cost assessment. After the finalization of the scenario development
and analysis, one final design of the ‘energy-efficient’ building block (the ‘Green Building’ or GB as
referred to below) was selected for construction.
The building site was located in the northern part of Abuja, Nigeria, in a (at the time of planning)
still mostly undeveloped area. There was no significant shading by vegetation and there were only
minor topographical changes within the site, meaning that the area where the buildings were to be
erected was relatively flat. For the assessment, the following location data was used: Longitude:
9.07◦ /Latitude: 7.39◦ /Elevation above sea level: 476 m. Local weather data for the project site was
derived using the ClimateTool software [27]. The area around Abuja falls into tropical savannah
climate with monthly mean temperatures ranging above 18 ◦ C, and distinct dry and wet seasons.
The temperature in Abuja ranges from low 20 ◦ C up to 40 ◦ C over 80% of the daytime, and 50% of
the night-time temperatures range on or above 25 ◦ C. Night cooling can be exploited if temperature
differences between day and night are greater than 10 K and absolute humidity at the minimum night
temperature is below 12 g/kg. For the selected location there would be a constant need for night
cooling as temperatures during the day generally exceed 21 ◦ C, but the relatively small difference
between night and day temperatures and relatively high humidity levels during the night mostly
prevented night cooling. Yearly total irradiation (horizontal) is with 1800 kWh/m2 a relatively high,
thus solar potential could be used for the application of renewable energy systems.
As described above, two building blocks were planned for construction on the selected site.
Both buildings consisted of three flats over two floors featuring the same size as well as number of
flats and rooms. Layout and sizes of units within the two buildings were (apart from some minor
details) the same. Each flat was approximately 140 m2 and consists of a living or dining room and
kitchen on the ground floor, as well as two bedrooms with walk-in closets and bathrooms on the
first floor. The BAU design was defined as a building that represented commonly built practice by
the local planning team. The built-up form of the external envelope as well as the building system
reflected standard specifications as applied throughout numerous projects carried out by the involved
participants. The set-point temperature for heating was defined as 20 ◦ C and for cooling as 25 ◦ C.
The domestic hot water (DHW) demand was calculated as 30 L/person/day. The main building
properties have been summarized in Table 1 as follows:
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Table 1. Building properties of the case study.
Component

U-Value
W/(m2 K)

Description

External Walls
Roof
Floor
Windows

2.18
2.22 W/(m2 K)
1.4 W/(m2 K)
5.8 W/(m2 K)

200 mm brick wall with plaster on each side
plasterboard ceiling, wood trusses with aluminum sheeting
tile floor, screed, concrete floor slab
g-Value: 83%, single glazing; no shading

HVAC System

Domestic Hot Water by individual electrical heaters; cooling/ventilation with
de-centralized split AC units (COP 3)

In the first stage, a detailed energy and cost assessment was undertaken on the BAU design.
The energy analysis was carried out using the software package PHPP Version 9 [28]. The package
was chosen as it provides low cost and is an easy to learn alternative compared to more complex
and/or more expensive simulation tools such as EnergyPlus [29] or TRNSYS [30]. The requirement
was that the chosen simulation tool could be applied in the training sessions with local planners and
stakeholders, and would allow the tool to be used with relatively limited amounts of training and
simulation knowledge. The tool is based on Excel and SketchUp [31], which have been considered
to be most widely available and known by the local planners. The analysis provided by the tool
included heating and cooling demands [kWh/(m2 a)], maximum heating and cooling loads [W/m2 ],
frequency of overheating [%], and primary energy demand. The tool allows variations in the building
design as well as the building energy system. By choosing this simplified method, it was accepted that
the results could not be as detailed as compared to simulations carried out with a thermal dynamic
simulation tool. Nevertheless the results should provide meaningful comparative answers to the
different measures applied in the scenarios.
The cost assessments were carried out based on cost data delivered by the local quantity surveyor
and architects. Electricity costs were calculated with 20 NGN/kWh. Since the BAU design did not
consider orientation, compactness of the building shape, or shading, the calculated cooling load was
excessively high, as it was generally accepted practice that the air conditioning system would provide
a comfortable indoor environment regardless of the buildings’ architecture.
In the second stage, various scenarios were developed together with the local planning team.
The objective was to provide variations ranging from no-cost scenarios with reasonable improvements,
up to high-cost scenarios and very complex systems. The latter might have not been considered for
this pilot project, but was considered important to serve as examples for future projects. The results
are discussed in the following Section 3.
2.3. Development of the Nigerian Building Energy Efficiency Code
2.3.1. Criteria for BEEC Development
The specification for developing the BEEC was based on the lessons learnt during the preparation
work. It was agreed that the development of energy efficiency requirements must certainly meet the
following requirements already documented by the BEEG:

•
•
•
•

To fully exploit the potential of climate adaptive design as the most cost-effective energy
efficiency measure;
To consider the actual availability of energy-efficient products;
To avoid or at least limit additional investment cost due to the need to make use of
specific materials;
To take into account the current qualification level of professionals and authority personnel,
because professionals will have to comply with requirements, and authority personnel will have
to check compliance.
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In addition, the structure of the three-step approach shown below should be followed in order to
achieve good compliance and thus actual energy efficiency [32]:

•
•
•

There should be clear procedures on how energy performance is determined (procedures address
qualified experts).
There should be clear procedures on how to decide on non-compliance and related actions
(procedures for design approval and permit issue by officials).
There should be effective control and sanctioning mechanisms to be applied in cases of
non-compliance (procedures to explain what will happen if building designs and the as-built
situation do not comply).

Because of the expected rapid increase in electricity consumption and limited generation capacity
lagging far behind demand, actual energy efficiency is paramount. Consequently, energy efficiency
requirements should clearly refer to the completed building and not only to the building design.
Overall, the BEEC should be effective but simple, and easily understood not only by professionals
but also by the general public in order to contribute to creating widespread awareness and acceptance
of energy efficiency in buildings.
2.3.2. Procedure for BEEC Development
Development of the technical BEEC document started in September 2016 in cooperation with
the Federal Ministry of Power, Works and Housing (Housing Sector), and with the Department of
Development Control (AMMC) Federal Capital Territory Administration Abuja. While the Federal
Code can be directly applied for the Ministry’s own buildings, it must be adopted and implemented
as a building regulation on the state level in order to be mandatory for all other buildings. In terms
of building regulation, Abuja Federal Capital Territory (FCT) is treated like the 36 Nigerian States.
For this reason, development of the BEEC in collaboration with the Department of Development
Control Abuja, representing the building authority in charge of building permit approval and checking
compliance, should demonstrate the feasibility and benefits of BEEC application, and thus serve as
a role model for applying the BEEC at state level throughout Nigeria.
The definition of energy efficiency minimum requirements was based on a parametric study
carried out by a group of consultants in close collaboration with the Department of Development
Control Abuja. In the initial stage of BEEC development, the scope of energy efficiency minimum
requirements covered two building categories, namely residential and office buildings [33].
A number of actually submitted designs were analyzed, and the procedure of building permit
approval was studied. Based on these studies of design documentation for planned building projects
and expert opinions, the Nigerian Building Energy Efficiency Guideline (BEEG) and the pilot project
described in the previous chapters, common design and construction practices were identified.
Through modeling and simulations of a defined “standard” building (the BAU model) taking into
account the various climatic conditions found in Nigeria, the expected energy performance was
determined. Further, through review of international references as well as simulation of variations of
the BAU model, the minimum energy efficiency requirements were identified that led to a minimum
of 40% energy savings over current building practices [33].
When defining the minimum requirements, it was crucial to strike a balance between modest
energy efficiency minimum requirements in terms of causing additional investment cost that society
would accept, and the fact that energy efficiency minimum requirements must be sufficiently ambitious
to qualify buildings to be compliant with the code for financing with new financing instruments.
For example, the Climate Bond initiative demands energy savings of at least 40% over current building
practices in the residential sector to be eligible for finance trough climate bonds [34].
Several financing mechanisms require annual investor disclosure regarding achieved energy
savings. Although simplified procedures are applicable for the residential sector, it is paramount that
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planned energy savings are achieved in practice in order to build public trust in the effectiveness of
energy efficiency measures.
In this regard, it is evident that the BEEC would only be effective if regularly controlled. Therefore,
energy efficiency minimum requirements were defined in a way that allows for double checking during
the design stage and after completion. For checking building design, easy-to-use tools were developed
so that supporting documents could be submitted together with the other material necessary for
building permit application.
A very important part of the project was to offer training for staff of the Development Control
involved in checking building documents and completed buildings, and issuing permits, to enable
them to check also whether energy efficiency minimum requirements were met. Integrating energy
efficiency compliance checks in the daily routine of the Development Control Department was the key
to the success of the BEEC in the Nigerian Environment, and thus also dominated the definition of
energy minimum requirements: only such energy efficiency minimum requirements are part of the
BEEC which can be checked, and checking is an integral part of the Code [33].
3. Results
3.1. Results of Preparatory Activity 1: Nigerian Building Energy Efficiency Guideline (BEEG)
The first Nigerian Building Energy Efficiency Guideline (BEEG) was developed to address the
severe lack of awareness regarding energy efficiency in buildings in the professional environment.
The Federal Ministry of Power, Works and Housing officially launched the Guideline in June 2016.
It includes all relevant aspects for delivering affordable energy-efficient buildings in practice, in order
to provide information to developers, architects and engineers, construction companies, material and
equipment providers, and authorities. It was not the intention to cover the entire matter fully, but to
touch upon the most relevant issues in order to create awareness and to prepare stakeholders for the
development of the Nigerian Building Energy Efficiency Code (BEEC). It was not the intention either,
to develop a training book, although the Guideline can be used as a starting point for developing
training material.
The table of content and a short explanation is shown in Table 2 below.
Table 2. BEEG table of contents [24].
Table of Contents
1.
2.
3.
4.
5.
6.
7.
8.
9.
10.
11.
12.

Introduction to energy efficiency in buildings
Integrated design process: the process of planning
an energy-efficient building
Energy objectives in the building sector of Nigeria
Bioclimatic building design: concepts
Bioclimatic architecture in Nigeria
Active systems
Renewable energy technologies
Regional hazards affecting building and
systems design
Tools for designing energy-efficient buildings
Regulatory framework
Sustainability certification
Case studies: energy analysis of buildings in Nigeria

Short Description of the Contents
The Guideline provides a general introduction to energy
efficiency in buildings, and presents the integrated design
procedure as the appropriate method to deliver
energy-efficient buildings. Climate adaptive design, called
Bioclimatic design in the Nigerian context, is identified as
essential in order to improve energy efficiency at no or low
additional cost. Passive and active energy efficiency
measures are presented as well as renewable energy systems
suitable for building integration. The Guideline also includes
a description of natural hazards and an assessment of
building energy simulation and calculation tools, as well as
whole building design tools and sustainability certification
models used globally. The regulatory framework necessary
for the implementation of building energy efficiency in
Nigeria is presented, and already contains those elements to
be tackled by the Nigerian Building Energy Efficiency Code
to come. This procedure should promote societal support for
future energy efficiency legislation.

Discussions about construction methods, availability of energy-efficient products, and qualification
levels of the average professionals showed that currently, options for improving energy efficiency were
very limited, especially when having in mind that mass housing must be targeted. In this regard, energy
efficiency requirements had to be widely applicable and cause either no or only very low additional
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cost. Otherwise, societal support will be denied and requirements will not be respected. This is the
reason why the Guideline promotes the objective of climate adaptive design strategies for Nigeria,
in order to minimize heat gains and to promote heat loss by means of building orientation facing
mainly north and south with overhangs or external shading, as these are the most cost effective
measures in terms of energy efficiency.
3.2. Results of Preparatory Activity 2: Case Study Building Analysis
Based on the methodology outlined in Section 2.2, Figure 3 provides an overview of the scenarios
and the individual measures, which were considered in each scenario as well as the comparative results.
It showed that the development of the scenarios followed the basic principle of sustainable design as
described in Figure 2: In the first steps, the passive design measures were exploited (Scenarios 1 and 2).
Based on the improvements of the building shell and energy relevant architectural aspects, the building
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energy costs was 100% as the building was theoretically 100% self-sufficient and would have (with
adequate batteries or load shifting to and from the grid) not needed any energy from external
non-renewable sources. It must be noted that Scenario 4 was at the time of the study not a feasible
option for Nigeria as neither the companies to be used for planning and installing the system, nor for
providing adequate maintenance, were locally available. Therefore, it was also not possible to gather
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energy systems. Material changes compared to BAU: U-value windows (4.0 W/m2 K); g-value
windows (70%); U-value external walls (1.8 W/m2 K); U-value roof (2.0 W/m2 K), U-value floor
(1.4 W/m2 K). Building system changes compared to BAU: air conditioning (AC) units with
a COP 3.5; Solar Thermal efficiency factor: 70%; Photovoltaic (PV) efficiency factor: 20%
Scenario 3: describes the next step up from Scenario 2 as originally foreseen for implementation,
and includes improved building systems and implementation of renewable energy systems;
the GB is basically a slightly tuned down (and more cost-effective) version than Scenario 3.
Material changes compared to BAU are as in Scenario 2. Building system changes compared to
BAU are as in the GB Scenario.
Scenario 4: shows what could be done in the future and reflects a highly advanced level of
design involving passive as well as active measures. Material changes compared to BAU are as in
Scenario 2. The building systems in this scenario are relatively complex and cost intensive due
to a separate cooling and ventilation system as well as the increased use of renewable energy.
The system comprises of a central adsorption solar cooling system with concrete core activation
(radiative cooling) and ventilation system; the PV system covers the night-time use of the central
cooling and ventilation unit and 100% use of lighting and small power (with batteries or grid
connection). Building system changes compared to BAU: Adsorption cooling efficiency factor
70%; solar thermal efficiency factor: 70%; PV efficiency factor: 20%.

3.2.1. Comparison of Scenarios
The results showed that the cooling demand was most greatly reduced by advanced passive
design measures (as used in Scenarios 2–4). As the overall system was only based on electricity as
an energy carrier, CO2 emissions and energy costs were most highly reduced in those scenarios where
renewable energy systems were applied (Scenario GB, 3 and 4). However, even with relatively simple
and cost effective measures such as film on glazing and shading on all windows (Scenario 1), a cooling
energy reduction of 20% could be achieved. In the GB Scenario, the walls were in addition slightly
improved, bringing the cooling demand reduction compared to BAU, to 23%. Adding in renewable
energy provision, the overall reduction of electricity from the grid or private diesel generators in
Scenario GB was 75% compared to BAU. In Scenarios 3 and 4, the effect of the high performance
building shell could be seen in the even further reduced cooling demand, which came down to 44%
compared to BAU. In Scenario 4, the reduction for electrical demand, CO2 , and yearly energy costs was
100% as the building was theoretically 100% self-sufficient and would have (with adequate batteries
or load shifting to and from the grid) not needed any energy from external non-renewable sources.
It must be noted that Scenario 4 was at the time of the study not a feasible option for Nigeria as
neither the companies to be used for planning and installing the system, nor for providing adequate
maintenance, were locally available. Therefore, it was also not possible to gather any meaningful
cost data on these systems. Nevertheless, during the workshops with the local planning team it was
decided that this scenario would be included in the options, to highlight which systems could be
adequate for the climate and could potentially be implemented in the future.
Figure 4 depicts the total annual electrical energy demand (above zero) and electrical generation
by PV (below zero, shown in green). The GB Scenario already showed a relatively high share of
renewable energy systems; however the cooling demand side (blue) was still higher than Scenarios
2–4 as the building shell was only moderately improved. In Scenarios GB, 3, and 4, the power demand
for lighting and small power (yellow) was also reduced due to LED (light-emitting diode) lighting.
In the scenarios GB, 3, and 4 there was no electrical demand from DHW (domestic hot water) as these
scenarios included the measure “solar thermal for domestic hot water preparation”. Thus in these
scenarios, DHW was entirely covered by the solar thermal system with subsequently no additional
electrical demand.
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evident that modifications were not sufficient to cope with the practical challenges met in
Minimum energy efficiency requirements and verification methods;
regions with high cooling energy demand. The PHPP has been developed to carry out detailed
Calculation methods and tools;
energy calculations specifically for passive house designs, and the software is geared towards
heating rather than cooling assessments. The identified disadvantages clearly outweigh the
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Building energy label and energy efficiency incentives;
Control and enforcement;
Qualification of experts;
Review and adaptation.

The BEEC applies to new buildings only, and those that fit into the building classifications
according to National Building Code, referring to spaces used primarily for office work and residential
buildings. For residential buildings, a minimum threshold of 85 m2 gross floor area applies to
a standalone building.
The provisions of the BEEC apply directly to the Public buildings of the Ministry responsible
for the National Building Energy Efficiency Code. In addition, the BEEC shall be adopted by the
States and Local Governments in order to apply the provisions to all relevant matters within their
responsibility. After adoption, the BEEC is voluntary for up to a maximum of two years, to allow for
an adoption and inception phase. After this period, the competent authority shall then make all BEEC
requirements mandatory.
Minimum energy efficiency requirements apply to all climatic zones in Nigeria.
Energy efficiency interventions are specified based on bioclimatic (climate adaptive) principles
described in the National Building Energy Efficiency Guideline (BEEG), and include:

•

•

•
•

Reduction of overall Window-to-Wall Ratio or implementation of shading: Window-to-Wall Ratio
for any orientation shall not exceed 20%. Where the design is such that this cannot be achieved,
then all glazing elements on the relevant facades are to be adequately shaded.
Reduction of installed lighting power density: Lighting power density shall not exceed 6 W/m2
for residential buildings and 8 W/m2 for office buildings. Calculations are to be carried out
over the gross floor area of a building. Installed power and energy consumption of artificial
lighting should be minimized by the use of more efficient lamp/ballast systems and luminaires.
The requirements include ballast losses.
Minimum requirements for roof insulation: All roof constructions are to include a layer of
insulation with thermal resistance not less than 1.25 m2 K/W (R-value).
Minimum performance of air conditioning equipment specified: All air-conditioning units shall
have a minimum EER/COP (Energy Efficiency Ratio/Coefficient of Performance) of 2.8 and shall
be of the inverter type. Only air conditioners with inverters shall be accepted for installation
in buildings.

Minimum energy efficiency requirements do not include energy consumption due to appliances
for offices and households, related to industrial or other processes, and for heating water.
The BEEC does not only prescribe energy efficiency minimum requirements, but also prescribes
the two methods of demonstrating compliance:

•
•

Compliance Method 1 Prescriptive approach: For this option, building projects must adhere to all
the requirements as a checklist.
Compliance Method 2 Performance approach: Project teams may deviate from the prescriptive
requirements, provided that the theoretical energy use of the building is less than or equal to
that of the same building with all the prescriptive requirements included. A whole building
analysis using energy simulation software must be carried out. Documents must be submitted
according to the BEEC Modeling Protocol, which also contains the outline of the BEEC Modeling
Report. Simulation software packages used for demonstrating compliance with Compliance
Method 2 shall be certified for energy modeling by at least one of the following organizations
or equivalent: ASHRAE (American Society of Heating, Refrigerating and Air-Conditioning
Engineers), IECC (International Energy Conservation Code).
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The BEEC stipulates that verification documents for demonstrating compliance shall be submitted
to the competent authority two times; (1) prior to obtaining the Building Permit; and (2) prior to
obtaining the Certificate of Use and Habitation.
There are provisions for checking compliance and how to react in the case of non-compliance:
Energy Efficiency Inspectors with defined qualifications shall physically check that measures, products,
and systems have been installed in accordance to the submitted verification documents (spot check,
sampling size 5%). It is important to note that appraisals and site checks of completed buildings shall
be undertaken in-house by the competent authority and shall not be outsourced. The BEEC stipulates
that buildings not complying after completion shall be rated as BEEC non-compliant and the result of
the rating shall be publicized.
4. Discussion
With more than 190 million inhabitants, more than 400 ethnic groups, a major share of uneducated
jobless youth, persistent violent conflicts on natural resources, and an economy nearly fully dependent
on crude oil export, it is clear that Nigeria is a difficult terrain to work on energy efficiency in
buildings [10,36,37]. However, there are also extremely interested and motivated groups working on
improving the situation, especially in the energy field, because it is evident that insufficient electricity
availability hampers the economic development of the country. In general, the work done to develop
the BEEC could be criticized as being selective and thus less effective, and in particular the foundation
regarding building and energy data as not being sufficient to build upon. However, at the beginning
of the project, it was agreed on how to deal with the persistent lack of data. Instead of performing
an expensive one-time building data collection, it was decided to follow a case-based approach
based on expert knowledge, and to use this approach for stakeholder involvement at the same time.
Expectations have been high to achieve results because of the immense pressure on the electricity
system and the related challenges. Therefore, methodological simplifications have been accepted
consciously where justifiable, and focus has been put on the implementation and enforcement aspect
of the energy efficiency building code, in order to activate real improvements in energy efficiency in
buildings on the real estate market.
When pointing out the success factors of BEEC development, the importance of stakeholder
engagement cannot be overemphasized. It is paramount for developing feasible solutions accepted by
stakeholders and thus is being consolidated by societal support. This project has benefitted enormously
from teaming up with motivated stakeholders who are multipliers at the same time.
Although it has not yet been possible to build the case study buildings, the case study analysis has
been very useful when discussing building energy efficiency with architects, engineers, and builders.
The case study analysis has been a key element in disseminating the BEEC as the collaboration with
a committed Nigerian developer has demonstrated the practical relevance of this effort.
Last but not least, the critical role of developing tender specifications and selecting consultants
has to be addressed when analyzing factors of success. Technical work for developing the BEEG,
the review of designs in the demonstration project with the Nigerian developer, and the parametric
study for determining energy minimum criteria and developing the labeling scheme for the BEEC
was contracted out to consultants. Terms of reference were extensively discussed with the responsible
department of the Federal Ministry of Power, Works, and Housing. Wherever possible, international
consultants teamed up with Nigerian consultants. It was a key to success to combine good knowledge
and realistic assessment of the situation on the ground with international up-to-date know-how.
International key consultants were required to spend some time on site discussing with national
experts and stakeholders, to make sure that they properly understood the actual challenges, and thus
elaborate suggestions suitable for connecting with the status quo and containing potential for future
improvements at the same time.
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5. Conclusions
The BEEC was developed in view of the need for societal support, which is crucial for the BEEC
to become a widely accepted construction standard. Currently, mandatory BEEC requirements are
limited to very few but feasible and accepted energy efficiency minimum requirements applicable
throughout Nigeria. Due to comparably high investment cost, lack of qualified staff, and serious
problems with product quality, application of renewable energy technologies is not yet among them,
despite the urgent need to also increase generation capacity besides tapping the full potential of energy
savings. However, mandatory BEEC requirements are complemented by a labeling scheme rewarding
voluntary measures that go beyond mandatory stipulations, such as more ambitious energy efficiency
standards than those prescribed by the BEEC, and using solar energy systems.
However, the code document also states that the BEEC must be evaluated and revised at
regular intervals in order to respond to improved qualification of involved staff, better availability
of construction products, and increased public awareness. In the future, application of solar energy
systems could also become mandatory, provided that the necessary enabling environment exists.
For now, stakeholder groups have to be addressed with the following measures to support the
effective implementation of the BEEC:

•

•

•

•

Building developers have to understand what they demand from their design team, and therefore
training for developers in regards to energy efficiency is as important as training for the building
planners and engineers. Developers play an important role in increasing the wider acceptance of
energy efficiency measures, thus adding to the replication factor.
Architects, engineers, and builders need vocational training on energy efficiency, and their
professional organizations should provide continuing education courses to their members together
with training institutions. Professionals should receive a certification (ideally from an official
body) according to their qualification and skills in energy efficiency in order to give them an edge
on the market, and to promote energy efficiency in buildings.
Material and equipment providers have to become familiar with delivering product-related key
data needed for designing energy-efficient buildings and for implementing testing procedures,
in accordance with the new requirements. Besides new obligations, there are also new chances for
energy-efficient products, as the BEEC will create demand for such products.
Construction companies must understand that the BEEC represents an advanced construction
standard and limits employment opportunities for unskilled workers. General training workshops
on energy efficiency in buildings, but also product-specific training in collaboration with material
and equipment providers are essential.

Authorities should act as role models and apply the BEEC to their own buildings. Apart from their
power as building owners, authorities are crucial factors in setting up the technical and administrative
environment for the implementation of the BEEC, among others testing laboratories, a register of
qualified experts, and electronic procedures to facilitate data collection on energy efficiency in buildings,
and to make use of them for policy evaluation and policy development. Regular publication of good
examples, showcasing energy-efficient buildings, for example in the course of competitions, is a good
method to create awareness among the general public.
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