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Preface 

The USAID Energy Sector Capacity Building (ESCB) Activity works with Jordanian energy sector 

partners to cultivate effective policies and decision-making in the energy sector; and to build 

sustainable institutional and organizational capacity in support of renewable energy and energy 

efficiency technologies and practices. ESCB also places a high priority on addressing gender issues 

in the energy sector, especially promoting women’s inclusion and advancement in energy-related 

careers. 

ESCB started in July 2013 and runs for four years. It applies a broad, adaptable approach to meet 

the energy sector’s evolving needs, including: 

1. Successful development and adoption of a utilities incentive mechanism to promote energy 

efficiency, including a robust monitoring, evaluation, and validation system; 

2. Increased institutional capacity of the Jordanian energy sector partners including the Ministry of 

Energy and Mineral Resources, Electricity Regulatory Commission, and electricity production, 

distribution, and transmission companies; 

3. Strengthened presence, capacity and regulation of energy services companies through market 

research, business development services, accreditation of those companies, and the creation of 

a coalition of energy services association; and 

4. Flexible response mechanism for emergent energy sector needs and opportunities on a demand-

driven basis. 

The activities and results described here were part of ESCB's effort to increase the capacity of the 

Ministry of Energy and Mineral Resources and its sister ministries and agencies to plan and 

implement energy-saving measures on their physical facilities. 

  1.0 EXECUTIVE SUMMARY  
This energy saving action plan was developed based on ASHRAE level II energy audits conducted 

for six government buildings in Amman, Jordan. The objective of this report is to present the energy 

conservation measures identified through these audits, and describe an energy saving roadmap 

which can be followed by other Jordanian ministries and agencies.  

ASHRAE level II energy audits were conducted for the Ministry of Energy and Mineral Resources 

(MEMR), Ministry of Information and Communication Technology (MOICT), Ministry of Industry, 

Trade and Supply (MOITS), Ministry of Foreign Affairs (MOFA), Ministry of Social Development 

(MOSD) and the Energy and Minerals Regulatory Commission (EMRC). The audit results presented 

in Table ES-1 indicate significant energy and financial savings, from 27 to 40 percent, can be 

achieved with modest investment and pay-back periods of one year or less.  
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Table ES-1: Energy and Cost Savings from Energy Conservation Measures. 
 

 Ministry/ 

Agency 

% of Saving in 

Electricity 

Consumption 

% of Saving in 

Fuel 

Consumption 

Overall 

% of 

energy 

bill 

savings 

Savings  

[JD] 

Implementation  

Cost  

[JD] 

Simple 

Pay-

Back 

[Years] 

Benefit-

Cost 

Ratio 

MEMR 39.7% 12.5% 40.3% 37,430 22,860 0.61 6.0 

MOFA 32.3% 8.5% 32.6% 80,880 45,500 0.56 6.5 

MOITS 35.5% 7.0% 33.3% 122,220 133,100 1.0 3.3 

MOSD 30.7% 6.5% 27.4% 51,500 41,600 0.81 4.5 

MOICT 31.2% 6.1% 29.6% 63,000 32,540 0.52 7.0 

EMRC 33.0% 19.5% 31.3% 41,000 37,250 0.9 4.0 

 

Significant savings, short pay-back periods and high Benefit to Cost Ratios (BCRs) indicate a high 

financial feasibility for investing in energy saving projects for governmental buildings. 

The energy audits recommended similar energy conservation measures (ECMs) across all six of the 

government buildings audited (see Table ES-2). This finding suggests that these ECMs and their 

overall potential savings can be generalized to other governmental buildings in Jordan. Results for 

each ministry/agency are presented in Section 3.  

Table ES-2: Recommended ECMs Common to All Audited Buildings  

Recommended ECMs 

Average % 

of end-use 

savings  

Average Pay-

back [Years ] 

Retrofit lighting with equivalent LED lamps 70% - 85% 0.4 – 0.7 

Occupancy-sensing lighting controllers  20% - 25% 1 – 2 

Optimise the Temperature Set point on AC units 3% - 5% 0.1 – 0.4 

Periodic maintenance to improve AC system efficiency 3% - 8% 1 – 2 

Ambient heat exchange for server room AC units 30% – 35% 2 - 3 

Heating boiler combustion efficiency improvements 5% - 8% 0.5 - 1 

An Energy Use Intensity (EUI) index was calculated for the six government buildings. The EUI index 

is a useful tool for understanding why energy consumption differs between buildings. It also provides 

a benchmark for estimating the potential energy savings from implementing ECMs. The results from 

the six energy audits show that the EUI index is very sensitive to the amount of air conditioned space 
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within a given building. By combining data across buildings it was possible to derive a rough 

relationship between the percentage of air conditioned space and the potential impact of a standard 

package of ECMs on the EUI index. The EUI before and after implementing the six most-common 

ECMs across the six governmental buildings according to the percentage of area served by air 

conditioning system at summer time is shown in Table ES-3. More air conditioned presents higher 

savings opportunities; however, the percentage savings achievable with the six most-common ECMs 

are around 30% regardless of the percentage of building space served by AC. 

Table ES-3: Impact of % Air Conditioned Space on EUI and Energy Savings  

% of Areas 
Served by AC 

EUI [kWh/ Sq.meter/ Yr] 
without EE  

EUI [kWh/ Sq.meter/ Yr] After 
implementing  EE measures 

30% 56 39 

40% 69 49 

50% 84 58 

60% 101 71 

70% 136 95 

80% 165 115 

90% 191 134 

100% 223 156 

 

Energy saving action plans were developed for each ministry and agency, providing a roadmap for 

realizing the potential energy savings of the recommended ECMs. The energy saving actions listed 

in Table ES-4 are described in more detail in Section 4.0.  

 

Table ES-4: Recommended Energy Saving Actions 

1. Form a ministerial or agency Energy Committee, with representation from key 

departments 

2. Appoint, assign or hire an Energy Manager, to supervise the energy audit and carry out 

planning and implementation of ECMS 

3. Conduct an ASHRAE Level II (or equivalent) energy audit  

4. Use the audit results to set energy-saving goals and formulate a monitoring and 

evaluation plan to track progress towards goals 

5. Implement no-cost and low-cost ECMs (with payback period of less than one year) 

6. Evaluate progress, including financial results 

7. Consider implementing higher-cost ECMs with longer payback periods 

8. Conduct energy audit ASHRAE level I every three Years 

Energy saving efforts should be an ongoing effort. Once the non-cost and low-cost ECMs are 

implemented the Energy Committee should consider longer-term energy saving actions, including 

ECMs with longer payback periods as well as other energy-saving actions including renewable 

energy. These longer-term energy-saving actions are also detailed in Section 4.  
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The impressive energy-saving potential found for these six ministries suggest a government-wide 

effort would have a significant impact on energy consumption in the public sector. Government-wide 

initiatives to save energy have proven effective in the US, Canada, Mexico, and elsewhere. A 

Jordanian energy-saving initiative for government buildings could be tailored to fit the needs of 

individual ministries and might include activities such as: 

1. Collecting the basic information (energy consumption and physical dimensions) needed to 

benchmark the energy performance of government buildings. 

2. Encouraging ministries to procure energy audit services from a licensed energy auditor. 

3. Providing technical support to the Energy Committees and Energy Managers established in 

individual ministries and agencies; 

4. Establishing an incentives scheme that encourages ministries and agencies to pursue energy 

saving opportunities 

5. Recognizing and rewarding ministries and government employees who implement energy-

saving measures.  
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 ملخص
تم إعداد خطة عمل ترشيد استخدامات الطاقة هذه استناداً إلى تقرير تدقيق الطاقة من المستوى الثاني )بحسب 

حكومية في عمان. إن ( لستة مبانٍ ASHRAEتصنيف الجمعية الأمريكية لمهندسي التدفئة والتبريد والتكييف 
الهدف من هذا التقرير هو عرض تدابير توفير الطاقة التي تم تحديدها من خلال دراسات تدقيق الطاقة لتلك 

 المباني، وبيان خارطة طريق تحسين كفاءة الطاقة التي يمكن لوزارات ودوائر حكومية أردنية أخرى اتباعها.

سات التدقيق الطاقي هي: وزارة الطاقة والثروة المعدنية، وزارة الوزارات والدوائر الحكومية التي شملتها درا
الاتصالات وتكنولوجيا المعلومات، وزارة الصناعة والتجارة ولتموين، وزارة الخارجية وشؤون المغتربين، 

ي ف وزارة التنمية الاجتماعية، وهيئة تنظيم قطاع الطاقة والمعادن. تشير نتائج دراسات التدقيق الطاقي الموضحة
يمكن تحقيقه من خلال  %04إلى  72( أن وفراً كبيراً في كمية الطاقة والكلفة بنسبة ما بين 1-الجدول رقم )م

 استثمارات متواضعة وفترات استرداد قصيرة بحدود سنة واحدة أو أقل.

 

 الطاقة ترشيد(: مقدار وفر الطاقة والكلفة نتيجة اتباع تدابير 1-مالجدول رقم )

نسبة الوفر  الهيئةالوزارة / 
في 

استهلاك 
 الكهرباء

نسبة الوفر 
في 

استهلاك 
 الوقود

إجمالي 
نسبة الوفر 
في فاتورة 

 الطاقة

مقدار الوفر 
 )دينار(

ذ كلفة التنفي
 )دينار(

فترة 
الاسترداد 

 )سنة(

 نسبة
العائد 
إلى 
 الكلفة

وزارة الطاقة 
 والثروة المعدنية

7,92% 1791% 0497% 72.074 77.064 4961 6 

وزارة الخارجية 
وشؤون 
 المغتربين

7797% 091% 7796% 04.004 01.144 4916 691 

وزارة الصناعة 
والتجارة 
 والتموين

7191% 2% 7797% 177.774 177.144 1 797 

وزارة التنمية 
 الاجتماعية

7492% 691% 7290% 11.144 01.644 4901 091 

وزارة 
الاتصالات 
وتكنولوجيا 
 المعلومات

7197% 691% 7,96% 67.444 77.104 4917 2 

هيئة تنظيم قطاع 
 الطاقة والمعادن

77% 1,91% 7197% 01.444 72.714 49, 0 
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إن حجم الوفورات الكبيرة المتحققة والمدة الزمنية القصيرة لاسترداد التكاليف إضافة للمعدلات المرتفعة للعائد 
 الاستثمار في مشاريع ترشيد الطاقة في المباني الحكومية.مقارنة مع الكلفة تشير جميعها إلى ارتفاع جدوى 

كما أن دراسات تدقيق الطاقة توصي باتباع تدابير مشابهة لترشيد الطاقة في جميع المباني الحكومية الستة التي 
م  أدناه(. وتخلص نتائج تلك الدراسات إلى أنه يمكن تعمي 7-جرى تدقيق الطاقة فيها )لطفاً أنظر الجدول رقم م

تدابير ترشيد الطاقة تلك وإجمالي الوفر المالي المتوقع منها على مبانٍ حكومية أخرى في المملكة. ويعرض القسم 
 الثالث من التقرير النتائج المتحققة في كل مبنى وزارة / هيئة حكومية.

 

 يهاتم تدقيق الطاقة فتدابير ترشيد الطاقة الموصى بها والمتماثلة في كافة المباني التي (: 2-مالجدول رقم )

معدل فترة  معدل نسبة الوفر تدابير ترشيد الطاقة الموصى بها
الاسترداد 

 )سنة(

 492ـ  LED 24% - 01% 490استبدال مصابيح الإنارة بمصابيح موفرة للطاقة 

 7 – 1 %71ـ  %74 نارة  بالإتحكم الاستشعار لل استخدام حساسات

 490 – 491 %1 - %7 على الدرجة المثالية درجة حرارة وحدات التكييف ضبط

 7 – 1 %0 - %7 إجراء صيانة دورية لتحسين كفاءة أنظمة التكييف

غرف  في استرداد الطاقة من الهواء البارد المستبدل
 الحاسوب

74% - 71% 7 - 7  

 1 - 491 %0 - %1 التدفئةبويلر تحسين فعالية حارقات 

 

الطاقة للمباني الحكومية الستة. يعتبر مؤشر كثافة استخدام الطاقة أداة مفيدة لفهم تم حساب مؤشر كثافة استخدام 
سبب تفاوت اختلاف استهلاك الطاقة ما بين المباني. كما أنه يوفر مرجعاً للمقارنة به عند تقديروفر الطاقة 

ة الستة أن المباني الحكوميالمحتمل في حال تطبيق تدابير ترشيد الطاقة. تظهر نتائج دراسات تدقيق الطاقة على 
مؤشر كثافة استخدام الطاقة حساس جداً بالنسبة للمساحة المكيفة في أي مبنى. بجمع البيانات لكثافة استخدام 
الطاقة من المباني الستة، أصبح من الممكن استخراج علاقة متينة ما بين نسبة المساحة المكيفة والأثر المحتمل 

مقدار مؤشر كثافة استخدام الطاقة  7-يد الطاقة لمبانٍ أخرى. يظهر الجدول رقم ملحزمة قياسية من تدابير ترش
قبل تطبيق تدابير ترشيد الطاقة الستة الأكثر شيوعاً وبعد تطبيقها وفقاً لنسبة المساحة المكيفة في فصل الصيف. 

لوفر المتحقق باستخدام وكلما زادت المساحة المكيفة كلما كانت هناك فرصة وفر أكبر. مع ذلك، فإن مقدار ا
 بغض النظر عن نسبة مساحة المكان الذي يتعرض للتكييف. %74التدابير الستة الأكثر شيوعاً هو بحدود 
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 نسبة تأثير المساحة المكيفة على مؤشر كثافة استخدام الطاقة ومقدار وفر الطاقة (: 3الجدول رقم )

و )كيل الطاقةكثافة استخدام مؤشر  تنسبة المساحات المكيفة
واط ساعة / متر مربع / سنة( 
 بدون استخدام تدابير ترشيد طاقة

لو )كي كثافة استخدام الطاقةمؤشر 
واط ساعة / متر مربع / سنة( 
 بعد تطبيق تدابير ترشيد طاقة

74% 16 7, 

04% 6, 0, 

14% 00 10 

64% 141 21 

24% 176 ,1 

04% 161 111 

,4% 1,1 170 

144% 777 116 

 

تم إعداد خطط عمل ترشيد الطاقة لكل وزارة وهيئة حكومية، وهي بمثابة خارطة طريق لتحقيق ترشيد الطاقة 
إجراءات ترشيد  0-والوفورات المحتملة وفق تطبيق تدابير ترشيد الطاقة الموصى بها. يعرض الجدول رقم م

 من التقرير. 0.4الطاقة ، كما سيتم تفصيلها أكثر في القسم 

 

 إجراءات توفير الطاقة الموصى بها (: 4 -مرقم )الجدول 

 .للطاقة بحضور ممثلين من أقسام ذات أهميةتشكيل لجنة وزارية أو حكومية  .1

تعيين أو تكليف أو التعاقد مع مدير طاقة من أجل الإشراف على تدقيق الطاقة، وتتخطيط وتنفيذ  .7
 تدابير ترشيد الطاقة من بعد ذلك.

إجراء دراسة تدقيق الطاقة من المستوى الثاني )أو ما يعادله( بحسب تصنيف الجمعية الأمريكية  .7
 .ASHRAEلمهندسي التدفئة والتبريد والتكييف 

الاستعانة بنتائج دراسة تدقيق الطاقة لإعداد أهداف تنفيذ مشاريع ترشيد الطاقة، ثم وضع خطة  .0
 لبدء في التنفيذ.مراقبة وتقييم لتتبع مستوى الإنجاز عند ا

تنفيذ تدابير ترشيد الطاقة )الموصى بها بدراسة تدقيق الطاقة( سواء عديمة أو قليلة الكلفة )ذات  .1
 فترة استرداد أقل من سنة واحدة(.

 تقييم مستوى الإنجاز، بما في ذلك النتائج المالية. .6
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 )وفترات استرداد طويلة(.دراسة امكانية تطبيق تدابير ترشيد الطاقة ذات الكلفة العالية  .2

المستوى الأول بحسب تصنيف الجمعية الأمريكية لمهندسي التدفئة  -إجراء دراسات تدقيق طاقة  .0
 مرة كل ثلاث سنوات (ASHRAEوالتبريد والتكييف )

 

لى عيجب أن تبقى جهود ترشيد الطاقة مستمرة. وبعد أن يتم تطبيق تدابير ترشيد الطاقة عديمة وقليلة التكلفة، 
لجنة الطاقة أن تبادر التفكير بتطبيق تدابير ترشيد طاقة بعيدة الأمد، بما فيها تدابير ذات فترات استرداد طويلة 
إضافة إلى تدابير أخرى مثل الطاقة المتجددة. تفاصيل تدابير ترشيد الطاقة بعيدة الأمد موضحة في القسم الرابع 

 من التقرير.

د الطاقة التي تحققت من إجرائها في المباني الحكومية الستة تشير إلى إمكانية إن النتائج الباهرة لجهود ترشي
إحداث تأثير كبير في معدلات ترشيد الطاقة في حال بذلت الحكومة جهداً واسعاً لتشجيع تنفيذه في مؤسسات 

متحدة وكندا الولايات الالقطاع العام. لقد ثبتت فعالية المبادرات الحكومية الواسعة لترشيد الطاقة في بلدان عدة ك
والمكسيك وغيرها من الدول. من الممكن تكييف المبادرة الأردنية لترشيد استخدامات الطاقة في المباني الحكومية 

 بحيث تلائم احتياجات كل وزارة أو مبنى حكومي، من خلال تنفيذ أنشطة كالآتي:

طاقة في المباني الحكومية )حجم استهلاك جمع المعلومات الأساسية اللازمة لإجراء مقارنات حول أداء ال .1
 الطاقة ومساحة المبنى(.

حث الوزارات والمؤسسات الحكومية على الاستعانة بمدققي طاقة مرخصين عند عمل دراسة التدقيق  .7
 الطاقي.

 تقديم الدعم الفني إلى لجان الطاقة ومديري الطاقة المعتمدين في كل وزارة ومؤسسة حكومية.  .7

 ز يعمل على تشجيع الوزارات والمؤسسات الحكومية على متابعة فرص ترشيد الطاقة.إيجاد نظام حواف .0

 تدابير ترشيد الطاقة. تفيذتعمل على تتي تقدير وتكريم ومكافأة الوزارات والمؤسسات الحكومية ال .1
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2.0 ENERGY AUDIT APPROACH AND OVERVIEW OF RESULTS 

2.1 Introduction 

 
Jordan's National Energy Efficiency Action Plan (JNEEAP), issued in 2007 and updated in 2013, 

sets a target of reducing energy consumption among all energy consuming sectors by an average 

20% (compared with 2007) by 2020.  Included is a goal to reduce electricity consumption in public 

buildings, estimated at 350 GWh in 2012, by 10%.1 Recognizing that the government should lead 

the way in reducing energy use, instructions were issued by H.E. the Prime Minister and H.E. the 

Minister of Energy and Mineral Resources that government offices should achieve a 50% reduction 

in lighting usage and an overall 20% reduction in energy usage. 

 
The USAID Energy Sector Capacity Building Project is supporting ministries and agencies in 

achieving their energy saving targets. This support is being provided in cooperation with ESCB's 

main counterpart, the Ministry of Energy and Mineral Resources and the Jordan Renewable Energy 

and Energy Efficiency Fund (JREEEF).  The USAID-ESCB contracted Eco Engineering and Energy 

Solutions (EcoSol), an Energy Services Company, to develop energy saving action plans for 

selected governmental buildings. The scope of work called for EcoSol to conduct ASHRAE Level II 

energy audits for six governmental buildings: the Ministry of Energy and Mineral Resources (MEMR), 

Ministry of Information and Communication Technology (MOICT), Ministry of Foreign Affairs 

(MOFA), Ministry of Industry and Trade (MOITS), Ministry of Social Development (MOSD) and the 

Energy and Minerals Regulatory Commission (EMRC). The scope of work also called for EcoSol to 

build the capacity of ministry and agency employees to develop and implement their own energy 

saving action plan to achieve their 20% energy saving target. 

2.2 Approach 
ESCB and MEMR worked together to identify the candidates ministries and agencies to be audited. 

A workshop was held for the energy officers appointed at each of the 25 ministries and agencies 

subject to the Prime Minister’s Decree on Saving Energy in Government Buildings. Ministries and 

agencies were invited to express their interest. Those ministries and agencies able to mobilize the 

necessary background information (energy bills, facility layouts, engineering drawings) were 

selected for participation. 

ESCB’s consultant EcoSol visited each of the selected ministries and agencies to introduce the 

project and collect all necessary data. Ecosol conducted a walk-through audit at which time data 

loggers were installed to collect pertinent information on energy consumption and other variables.  

The walk-through audit was used to prepare and deliver a training for local facilities and engineering 

staff on how to identify and implement energy conservation measures. The next step was a full 

ASHRAE Level II audit, a process which included documenting the physical characteristics of the 

building, collecting electricity and fuel consumption and expenditures for a minimum of one year, 

making an inventory of the type and condition of all major energy-consuming systems in the buildings 

                                                

1 Jordan National Energy Efficiency Plan, 2013. http://www.rcreee.org/sites/default/files/plans_jordanian_neeap_summery_2013.pdf  

http://www.rcreee.org/sites/default/files/plans_jordanian_neeap_summery_2013.pdf
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(lighting, air conditioning, pumping, IT equipment, space and water heating, and miscellaneous). The 

audit process then identified potential energy conservation measures, along with their costs and 

savings. Potential ECMs were rank-ordered according to parameters including benefit-cost ratio and 

payback period. The audit process concluded with the preparation of a detailed energy audit report 

actionable by local staff. 

2.3 Energy Audit Results 
This project focused on six government buildings considered representative of most buildings found 

in Jordan. The Energy Conservation Measures (ECMs) identified in these buildings are likely to be 

applicable to other buildings with similar characteristics. This section describes the energy audit 

results, including an analysis of the achievable energy savings taking into consideration economic 

factors and reasonable return on the energy-saving investment. 

Table 1 summarizes the achievable savings in the six government buildings. Section 3 provides a 

more detailed description of the audit findings for each ministry, while Section 3 provides a complete 

list of the energy saving opportunities for each governmental building. 

The achievable reductions in electricity consumption ranges between 30 and 40 percent, while the 

corresponding fuel usage reduction potential is between 5 and 20 percent. The overall cost savings 

was between 27 and 40 percent. The variations between buildings and energy savings by type were 

driven by differences in building characteristics, notably the efficiency of existing heating and cooling 

systems and the percentage of building space which is air conditioned. The financial savings varied 

by a factor of 3, according to the relative size of the six buildings.  

Table 1: Summary – Energy Saving from Implementing Economical ECM 

Ministry/ 

Agency 

% of Saving in 

Electricity 

Consumption 

% of Saving in 

Fuel Consumption 

Over all 

percentage of 

saving out of 

energy bills 

Savings 

[JD] 

MEMR 39.7% 12.5% 40.3% 37,430 

MOFA 32.3% 8.5% 32.6% 80,880 

MOITS 35.5% 7.0% 33.3% 122,220 

MOSD 30.7% 6.5% 27.4% 51,500 

MOICT 31.2% 6.1% 29.6% 63,000 

EMRC 33.0% 19.5% 31.3% 41,000 

The information in Table 1 is presented graphically in Figures 1 and 2. The similarity in the achievable 

percent of energy consumption reduction and energy bill reduction is striking, suggesting that there 

are very significant and persistent energy savings potential across the government buildings sector. 
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Figure 1: Achievable and Economical Electricity and Fuel Savings by Ministry 

 

 

 

 

 

 

 

 

 

 

 

Figure 2: Achievable and Economical Energy Cost Savings by Ministry 
 

 

 

 

 

 

 

 

 

 

Table 2 summarizes the financial parameters of achievable and economical ECMs for each of the 

governmental buildings. The recommended package of ECMs is highly attractive from a financial 

perspective, with simple paybacks of less than 1 year and benefit-cost ratios of more than 3. A 

payback period of less than one year means that ministries can self-finance the ECM investment 

and recover the costs through energy bill savings in the same year. 
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Table 2: Financial Parameters of Achievable and Economical ECMs.  

Ministry/ 

Agency 

Annual 

Monetary 

Saving [JD] 

Needed 

Investment [JD] 

Simple Pay 

Pack [Years] 

Savings 

[JD] 

Benefit-Cost 

Ratio 

MEMR 37,400 22,850 0.61 37,430 6.0 

MOFA 80,850 45,500 0.56 80,880 6.5 

MOITS 122,200 133,000 1.0 122,220 3.3 

MOSD 51,500 41,500 0.81 51,500 4.5 

MOICT 63,000 32,500 0.52 63,000 7.0 

EMRC 41,000 37,250 0.9 41,000 4.0 

2.3 Energy Use and Energy Cost Intensity  

The calculated Energy Use Intensity (EUI) of a building or facility, expressed as annual energy 

consumption divided by usable area (kWh/m2 per year), provides a quick and easy benchmark for 

evaluating and comparing the energy savings potential for buildings with similar use and complexity. 

Governmental buildings share many characteristics of construction and use which makes 

benchmarking and comparison a useful tool. Common characteristics of the governmental buildings 

audited, described in Section 2.4, include operating hours, lighting systems, HVAC design, and 

building envelope. 

Differences in building characteristics are reflected in the EUI – notably the percentage of air-

conditioned space, and the age and efficiency of building systems. Buildings with a higher 

percentage of air conditioned space will tend to have a higher energy use intensity, as can be seen 

by comparing an EUI of 85 for MOSD (13 % air conditioned) and an EUI of 56 for MEMR (30% air 

conditioned) with an EUI of 146 for MOITS (73 % air conditioned) and an EUI of 108 for MOICT (62 

% air conditioned). However even buildings with a low percentage of air conditioned space can have 

a high EUI if other factors are in play, notably low efficiency. Only 19 % of EMRC’s building is air 

conditioned, but it still has a relatively high EUI of 112. This is due to many factors, including the old 

age, poor condition and low efficiency of the equipment and the building. The EUI thus gives a big 

picture but the details of each building still need to be evaluated to understand what makes a building 

consume more or less energy. 

The Energy Cost Index (ECI) is also a calculated figure (JD/m2 per year) for a building or facility, 

expressed as an annual total energy expenditures divided by usable area. It provides a useful 

benchmark for evaluating the expenditures associated with the energy consumption in a building. 

The fuel oil consumption has been expressed in kWh units to see the effect of energy consumption 

by type on energy costs. Because electricity is considerably more expensive on an equivalent per 

unit basis, buildings with a higher share of electricity in overall energy consumption will tend to have 

a higher ECI. This can be seen by comparing an ECI of 37 for MOITS (electricity 93% of total energy 

consumption) with an ECI of 15 for MOSD (electricity 69% of total energy consumption).  

Tables 2 and 3 show the EUI and the ECI for each of the audited buildings.
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Table 3: Energy Use Intensity (EUI) Index 

Ministry 

Building 
Total 
area  
[m²] 

% air 
conditioned 

area 

Total Annual Energy Consumption (Electricity and Fuel) 

% 
electricity 
use/total 

energy use 

Energy Use 
Intensity 
(EUI) 
[kWh/m²] 

Electrical 
Energy 

Consumption 
[kWh/year] 

Fuel Consumption 
Total Annual 

Energy 
Consumption 

[kWh/year 

Diesel Oil 
Consumption 

[Ltr/year] 

Heating Boiler 
Efficiency 

Diesel Oil 
Consumption 
[kWh/year]2 

MEMR 8,100 30.37% 320,060 14,502 85.8% 134,792 454,852 77.1% 56 

MoFA 16,654 47.56% 835,580 54,990 84.2% 501,585 1,337,165 73.0% 80 

MoITS 9,300 73.44% 1,252,368 10,937 89.2% 105,625 1,357,993 92.8% 146 

MoSD 12,000 13.30% 563,766 48,000 87.4% 454,466 1,018,232 69.1% 85 

MoICT 8,216 61.92% 709,997 18,867 86.5% 176,794 886,791 83.4% 108 

EMRC 6,300 18.89% 394,016 41,055 70.0% 311,324 705,340 69.4% 112 

Table 4: Energy Cost Index (ECI)  

Ministry 

Building 
Total 
area  
[m²] 

Total Air  
Conditioned 

Area  
[m²] 

Total Non Air 
Conditioned 

Area  
[m²] 

Energy Use 
Intensity 

(EUI) 
[kWh/m²] 

Total Annual Energy Cost 
% electricity 

cost/total energy 
cost 

Energy Cost 
Index 
(ECI) 

[JD/m²] 

Electrical 
Energy 

Cost 
[JOD/year] 

Fuel 
Cost 

[JOD/year] 

Total 
Energy Cost 
[JOD/year] 

MEMR 8,100 2,460 5,640 454,852 85,467 7,321 92,788 92% 11 

MoFA 16,654 7,920 8,734 1,337,165 225,558 22,546 248,104 91% 15 

MoITS 9,300 6,830 2,470 1,357,993 335,999 4,484 340,483 99% 37 

MoSD 12,000 1,596 6,874 1,018,232 151,835 24,480 176,315 86% 15 

MoICT 8,216 5,087 3,124 886,791 189,426 12,193 201,619 94% 25 

EMRC 6,300 1,190 5,110 705,340 101,481 17,959 119,440 85% 19 

                                                

2 One liter of diesel oil contains about 9.7 kWh of energy 



 
USAID JORDAN ENERGY SECTOR CAPACITY BUILDING                                                                                          15 

 

Figure 3 compares the EUI and ECI for each ministry graphically. Generally speaking a high EUI is 

associated with a high ECI, but the specific characteristics of a building can introduce variations to 

this general pattern. The differences in EUI and ECI between ministries result from many factors – 

among them building characteristics, fuel mix, air conditioned space, and heating boiler efficiency.  

MOITS has both the highest EUI and ECI, because its building has the highest percentage of air 

conditioned space. In this case the higher EUI also meant a higher ECI, since electricity has a higher 

price per unit of consumption. MEMR is on the other end of scale, showing both the lowest EUI and 

ECI. This is due to the relatively limited air conditioned spaces and a higher consumption of fuel oil 

relative to electricity.  

In making comparison between ministries it is important to note that a higher EUI and ECI does not 

mean that energy is being wasted. However it does suggest there may be more energy-saving 

opportunities in some buildings than in others.   

Figure 3: Comparison of EUI and ECI across Six Ministries / Agencies  
 

 

 

 

 

 

 

 

 

 

 

 

 

An analysis was conducted to correlate EUI with building characteristics. The analysis focused on 

the pattern of EUI values and the percent of air conditioned space in the buildings audited. The 

analysis also looked at the effect of achievable and economical ECMs on before-and-after EUIs.  

Figure 5 presents a scatter plot of both the calculated EUI and ECI as function of the air conditioned 

space for four of the six buildings audited. Two buildings – EMRC and MOSD – were dropped from 

this analysis because their electricity consumption is estimated. Both EMRC and MOSD share a 
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estimated value and thus unsuitable for combining with the data from other buildings with accurate 

metered data.  

Figure 4: EUI and ECI of Four Ministries as a Function of % of Air Conditioned areas  

A linear curve fit imposed on these four data points suggests a relationship between air conditioned 

area and EUI (R2 = 0.9887). However there are not enough data points to draw a firm conclusion. If 

additional data can be collected from other government buildings, it may be possible to suggest a 

general guideline for energy savings potential as a function of air conditioned space. Such a 

guideline table might look like Table 5. 

Table 5: EUI estimator based on Air Conditioned Areas in Governmental Buildings 

% of Areas Served by 
AC 

EUI [kWh/ Sq.meter/ Yr] 
without EE  

EUI [kWh/ Sq.meter/ Yr]After 
implementing  EE measures 

30% 56 39 

40% 69 49 

50% 84 58 

60% 101 71 

70% 136 95 

80% 165 115 

90% 191 134 

100% 223 156 
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energy-saving and cost-reducing recommendations submitted to each ministry and agency. The 

complete list of energy management opportunities at each building may be found in Section 3. 

The audits found broad similarities in characteristics between the six governmental building, such 

as: 

1. Working Hours: all government buildings in Jordan operate from 8 AM till 3:30 PM Sunday 

through Thursday. There is little or no activity during nights and weekends. 

2. Lighting system: more than 90% of occupied areas were lit with fluorescent tube lamps. 

Lighting levels were generally below international standards. 

3. HVAC System: only MOICT was constructed with a central AC system and a closed building 

envelope. The other buildings were found to have split units installed to serve selected 

spaces, mostly for management and executives. 

4. Space and Water Heating Systems: hot water boilers are used for space heating purposes 

during winter months while domestic hot water is provided with small electric water heaters 

distributed throughout the buildings.  

5. Server Rooms: server rooms with dedicated AC systems operating 24 hours a day, 365 

days a year were found at each governmental building. 

6. Building envelope: the building envelope design and the windows-to-wall ratio (WWR) were 

found to be almost identical. All the audited buildings were constructed more than 10-15 

years ago, with little or no thermal insulation. 

7. Building openings (Fenestration): except for MOSD, all the windows found in these 

buildings were single glaze with very low efficiency.  

8. Electricity metering: there was no electricity sub-metering in any of the buildings. MoSD 

and EMRC were both found to share a single electricity meter with other entities, greatly 

complicating the energy audit process. 

9. Automated Controls: except for the MOICT, all energy consuming systems are controlled 

manually with no centralized energy management system (EMS) or automated controls.  

The audits also produced very similar recommendations for ECMs across all six governmental 

buildings. These energy conservation measures were identified and recommended in each of the 

audited buildings and are presented in Table 6. These ECMs address the three major types of energy 

consumption found in government buildings – electricity for lighting, heating fuel oil, and electricity 

for air conditioning. Some buildings had other energy-saving opportunities according to their usage 

characteristics, e.g., electric water heating. The measures themselves produce varying amounts of 

savings relative to current consumption. The largest energy reduction can be achieved with lighting, 

through retrofitting of existing fixtures with LED lamps and by installing occupancy-sensing lighting 

controllers. The combination of these two ECMs can reduce electricity consumption for lighting by 

as much as 75-80%. The second largest electricity savings can be achieved by improving the 

performance of AC units, both by adjusting set points, improving maintenance, and boosting the 

efficiency of server room AC units through ambient heat recovery system. Finally, modest fuel oil 

savings (5-8%) can be achieved by improving the combustion efficiency of space heating boilers. 
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Table 6: Common Energy Conservation Measures for Government Buildings  

Common ECM 
Average % of 

saving 3 
Average Pay-
back [Years ] 

Retrofit lighting with equivalent LED 

lamps 
70% - 80% 0.4 – 0.7 

Occupancy-sensing lighting controllers  20% - 25% 1 – 2 

Optimise the Temperature Set point on 

AC units 
3% - 5% 0.1 – 0.4 

Periodic maintenance to improve AC 

system efficiency 
3% - 8% 1 – 2 

Ambient heat recovery system for server 

room AC units 
30% – 35% 2 - 3 

Heating boiler combustion efficiency 

improvements 
5% - 8% 0.5 - 1 

These common energy conservation opportunities are found across all six of buildings examined in 

this study, and the same energy conservation opportunities are likely to be found in many other 

governmental buildings through similar energy audit process.   

The audit process also identified barriers which can impede the identification of energy conservation 

opportunities. The biggest barrier encountered in this study was the lack of separate metering for 

two of the six government buildings. To be effective an energy audit must be able to match the 

energy bills in a government building with an audit of the physical characteristics of the building itself. 

No energy conservation opportunities can be confirmed without the presence of proper metering.  

                                                

3 Out of the respective system energy consumption 
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3 ENERGY AUDIT FINDINGS BY MINISTRY 

This section provides further details about each of the six buildings audited during this study, 

including the complete list of energy conservation measures by ministry/agency. 

  3.1 Ministry of Energy and Mineral Resources (MEMR) 

The Ministry of Energy and Mineral Resources MEMR has a built up area of 8,100 m2, of which 30% 

(2,460 m2) is air conditioned. The building was constructed in 2003 and is occupied by 350 

government employees. 

MEMR’s 2015 electricity bill was JD 85,456. Table 7 shows the electricity and cost breakdowns. 

Almost half the consumption serves building lighting needs, while another one-third of electricity 

consumption is required for air conditioning of occupied space and server rooms. Note that MEMR 

has installed a 33 kW solar PV system on its rooftop, which provides about 11% of MEMR’s total 

electricity needs. 

Table 7:  Electricity Consumption & Costs Breakdown at MEMR 

No
.  

Load Description 

Annual Consumption and 
Cost % of the Total 

Consumption 
kWh JDs 

1 Lighting System 150,382 40,152 46.99% 

2 
IT Equipment (Computers, Printers, 
etc.) 

69,340 18,514 21.66% 

3 Split Air Conditioning Units 54,966 14,676 17.17% 

4 Server Rooms Air Conditioning 51,840 13,841 16.20% 

6 Elevators 13,860 3,701 4.33% 

7 Heating Pumps 1,848 493 0.58% 

8 PV System -34,600 -9,238 -10.81% 

9 Others 12,425 3,317 3.88% 

  Total 320,060 85,456 100% 

 

The energy audit showed an encouraging 40.3% savings potential by implementing 12 ECMs 

leading to reduced electricity and fuel expenditures totalling JD 37,430/year. Almost 90% of the 

electricity savings come from lighting ECMs, with air conditioning ECMs contributing most of the 

remainder. 

The needed investment to implement the recommended ECMs is estimated at JD 22,864 which 

would be returned back in 8 months. Table 8 shows the full list of ECMs, including energy savings, 

bill savings, ECM investment costs, and the estimated simple pay-back period. 
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Table 8:  ECMs for the MEMR 

No. 
Electrical Systems Energy 

Conservation Measures 
Savings 
(kWh) 

Savings 
(JD) 

Savings 
(%) 

Cost  (JD) 
Pay-
Back 

(Months) 

Lighting System Energy Conservation Measures 

L.1 
Replace the Existing Fluorescent 
Lamps 2x36 by New High Efficiency 
LED 2x18 Watt  

33,473 9,603 10.5% 7,371 9 

L.2 
Replace the Existing Fluorescent 
Lamps FL 4x18  by New High 
Efficiency LED 18 Watt  

68,942 19,778 21.5% 4,860 3 

L.3 

Replace the Existing Low efficient 
Compact Fluorescent Lamps 2x26 
Watt by New High Efficiency LED U-
Bulb Lamps 16 Watt  

2,984 856 0.9% 952 13 

L.4 
Replace the Existing Halogen Spot 
Lamps by New High Efficiency LED 7 
Watt  

2,543 729 0.8% 196 3 

L.5 
Control the Lighting Operation in the 
Lift lobby Area Using Day Lighting 
Sensor 

852 244 0.3% 525 26 

L.6 
Control the Lighting Operation in Car 
Parks and Corridors  Using 
Occupancy Sensors 

3,682 1,056 1.2% 1,690 19 

Air Conditioning System's Energy Conservation Measures 

AC.1 
Optimizing Temperature Set Point of 
all AC's in Both Summer and Winter 
According to International Standards. 

5,300 1,521 1.7% 360 3 

AC.2 
Install Heat Recovery System to 
Provide Free Cooling to Support the 
Server Room AC System. 

6,039 1,732 1.9% 4,990 35 

AC.3 
Insulate the external walls of the 
Sever room at the 3rd floor 

234 67 0.1% 220 39 

Other Energy Conservation Measures 

O.1 
Increase Energy Conservation 
Awareness among the Ministry Staff 

3,201 918 1.0% 500 7 

Total 127,250 36,505 39.7% 21,664 7 

       

No. 
Fuel  System Energy Conservation 

Measures 
Savings (l) 

Savings 
(JD) 

Savings 
(%) 

Investment 
(JD) 

Pay-
Back 

(Months) 

F.1 
Improve the Combustion Efficiency of 
Space Heating Diesel Boiler 

1,320 673 9.1% 700 12 

F.2 
Maintain and Re-operate the Existing 
Solar Water Heaters 

493 251 3.4% 500 24 

Total 1,813 925 12.5% 1,200 16 
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  3.2 Ministry of Foreign Affairs (MOFA) 

The Ministry of Foreign Affairs MOFA has a built up area of 16,654 m2, of which 48% (7,920 m2) is 

air conditioned. The building was constructed in 1999 and is occupied by 370 government 

employees. 

MOFA’s 2015 electricity bill was JD 225,523. Table 9 shows the electricity consumption and cost 

breakdown by end-use. Lighting accounts for just over 40% of electricity consumption, with air 

conditioning requiring another one-third of total consumption. Water heater demand is also 

significant. 

Table 9:  Electricity Consumption Costs Breakdown at MOFA 

No
.  

Load Description 

Annual Consumption and 
Cost 

% of the 
Total 

Consumptio
n 

kWh JDs 

1 Lighting System 341,367 92,135 40.85% 

2 
IT Equipment (Computers, Printers, 
etc.) 

128,700 34,736 15.40% 

3 Split Air Conditioning Units 214,013 57,762 25.61% 

4 Servers Rooms Air Conditioning 49,896 13,467 5.97% 

5 Electric Water Heaters 55,440 14,963 6.63% 

6 Elevators 13,860 3,741 1.66% 

7 Heating Pumps 2,770 748 0.33% 

8 Others 29,535 7,971 3.53% 

  Total 835,580 225,523 100% 

 

The energy audit showed an encouraging 32.6% savings potential by implementing 10 ECMs 

leading to electricity and fuel expenditure reductions totalling JD 81,882/year. 

The investment required to implement the recommended ECMs is estimated at JD 45,494, with a 

payback period of just 7 months. Table 10 shows the full list of ECMs, including energy savings, bill 

savings, ECM investment costs, and the estimated simple pay-back period. Lighting accounts for 

over 80% of the total savings, with air conditioning improvements contributing another 15 %.  
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TABLE 10:  ECMs for the MOFA 

No
. 

Electrical Systems Energy Management 
Opportunities 

Saving 
in kWh 

Saving 
in JDs 

% of 
saving  

Cost 
JDs 

Pay-
Back 

Months 

Lighting System's Energy Management Opportunities 

L.1 
Replace the Existing Fluorescent Lamps 2x36 
by New High Efficiency LED 2x18 Watt in some 
Selected Areas. 

79,805 22,655 9.6% 15,257 8 

L.2 
Replace the Existing Fluorescent Lamps FL 
4x18 and CFL 2x26 by New High Efficiency 
LED 18 Watt ,in some Selected Areas 

91,647 26,016 11.0% 7,500 3 

L.3 

Replace the Existing Low efficient 
Incandescent Lamps 75 Watt and Compact 
Fluorescent Lamps 24 Watt by New High 
Efficiency LED U-Bulb Lamps 12 Watt in some 
Selected Areas. 

14,328 4,067 1.7% 1,752 5 

L.4 
Replace the existing low efficient external 
lighting (Street Lighting, and Flood Lights) by 
new high efficient LED lights 

12,007 3,408 1.4% 7,575 27 

L.5 
Replace the Existing Hal Spot Lamps by New 
High Efficiency LED 7 Watt in some Selected 
Areas. 

34,442 9,777 4.1% 2,365 3 

L.6 
Control the Lighting Operation in the Lift lobby 
Area by Day Lighting Sensor 

772 219 0.1% 300 16 

Air Conditioning System's Energy Management Opportunities 

AC
.1 

Optimizing Temperature Set Point of all AC's in 
Both Summer and Winter According to 
International Standards. 

20,637 5,858 2.5% 3,195 7 

AC
.2 

Install Heat Recovery System to Provide Free 
Cooling to Support the Server Room AC 
System. 

16,965 4,816 1.4% 6,650 17 

Other Energy Management Opportunities 

O.
1 

Increase Energy Conservation Awareness 
among the Ministry Staff 

8,356 2,372 0.7% 500 3 

Total 278,187 78,970 32.3% 44,794 7 

       

No
. 

Fuel  System Energy Management 
Opportunities 

Saving 
in Ltr 

Saving 
in JDs 

% of 
saving  

Investm
ent JDs 

Pay-
Back 

Months 

F.1 
Improve the Combustion Efficiency of Diesel 
Boiler 

4,662 1,912 8.5% 700 4 

Total 4,662 1,912 8.5% 700 4 
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  3.3 Ministry of Industry, Trade and Supply (MOITS) 

The Ministry of Industry, Trade and Supply MOITS has a built up area of 9,300 m2, of which 73% 

(6,830 m2) is air conditioned. The building was constructed in 1975 and is occupied by 780 

government employees. 

The MOITS electricity bill in 2015 was JD 331,516. Table 11 shows the electricity and cost 

breakdown by end-use. Electricity consumption is quite diverse, with lighting only making up one-

quarter of total consumption. Air conditioning for occupied space and server rooms makes up 

another one-third, and IT equipment consumption accounting for fully one-quarter of consumption. 

MOITS has a small (30 kW) solar PV system which offsets 3% of its large electricity consumption. 

Table 11:  Electricity Consumption Costs Breakdown at MOITS 

No
.  

Load Description 

Annual Consumption and 
Cost 

% of the 
Total 

Consumptio
n 

kWh JDs 

1 Lighting System 320,202 85,907 25.91% 

2 
IT Equipment (Computers, Printers, 
etc.) 

308,456 82,756 24.96% 

3 Split Air Conditioning Units 255,180 68,462 20.65% 

4 Servers Rooms Air Conditioning 95,040 25,498 7.69% 

5 Cooling Chillers 53,975 14,481 4.37% 

6 Electric Space Heaters 51,870 13,916 4.20% 

7 Electric Water Heaters 42,240 11,333 3.42% 

8 Elevators 30,788 8,260 2.49% 

9 Water Coolers 20,529 5,508 1.66% 

10 Air Handling Units (AHU) 16,973 4,554 1.37% 

11 Heating and Chilled Water Pumps 12,650 3,394 1.02% 

12 PV System  -36,512 -9,796 -2.95% 

13 Others 64,269 17,243 5.20% 

  Total 1,235,658 331,516 100% 

The energy audit showed an encouraging 33.3% savings potential by implementing 10 ECMs 

leading to electricity and fuel savings totalling JD 122,227/year.  

The investment needed to implement the recommended ECMs is estimated at JD 133,100, with an 

overall payback period of 13 months. Table 12 shows the full list of ECMs, including energy savings, 

bill savings, ECM investment costs, and the estimated simple pay-back period. 

The diversity of MOITS’ energy consumption results in a diverse set of recommended ECMs. 

Lighting ECMs account for almost half of total savings, and air conditioning improvements just 10%. 

However installing solar water heaters to replace electric water heaters and optimizing space heating 

by eliminating isolated electric space heating units saves an impressive 30% of total electricity 

consumption. 
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Table 12:  ECMs for the MOITS 

No. 
Electrical Systems Energy 

Conservation Measures 
Savings 
(kWh) 

Savings 
(JD) 

Savings 
(%)  

Cost  (JD) 
Pay-Back 
(Months) 

Lighting System's Energy Conservation Measures 

L.1 
Replace Existing Fluorescent 
Lamps FL 4x18 and CFL 2x26 by 
LED 18 Watt 

163,638 47,383 13.1% 14,124 4 

L.2 
Replace Existing Fluorescent Tube 
Lamps 2x36 by LED Tube Lamps 
2x18 Watt 

37,644 10,900 3.0% 5,948 7 

L.3 
Replace Halogen Spot Lamps by 
LEDs 

8,015 2,321 0.6% 345 2 

L.4 
Occupancy sensors for Lighting 
System Control  

2,258 654 0.2% 1,390 26 

Air Conditioning System Energy Conservation Measures 

AC.1 Clean Water Chiller Condensers 1,619 469 0.1% 500 13 

AC.2 
Water Chiller Heat Transfer 
Additives  

5,397 1,563 0.4% 4,000 31 

AC.3 
Optimizing Temperature Set Point 
of all AC's 

24,121 6,985 1.9% 2,250 4 

AC.4 
Ambient Heat Recovery System for 
the Server Room AC System. 

16,965 4,913 1.4% 6,650 16 

AC.5 
Optimizing Temperature Set Point 
at the Server Rooms 

3,564 1,032 0.3% 0 0 

AC.6 
Variable Frequency Drives [VFD's] 
for the Air Handling Units and 
Water Pumps  

8,116 2,350 0.6% 5,900 30 

Other Energy Conservation Measures 

O.1 
Increase Energy Conservation 
Awareness  

12,524 3,626 1.0% 500 2 

O.2 
Thermal Insulation of Fifth Floor 
Metal Roof in Buildings 1 and 2 

11,716 3,392 0.9% 7,785 28 

O.3 Solar Energy for Hot Water Needs 13,378 3,874 1.1% 8,000 25 

O.4 Eliminate Electric Space Heaters 116,555 27,000 9.3% 60,000 27 

O.5 Split AC Unit Replacements 18,824 5,451 1.5% 15,000 33 

Total 444,335 121,912 35.5% 132,392 13 

       

No. 
Fuel  System Energy 

Conservation Measures 
Savings 

(l) 
Savings 

(JD) 
Savings 

(%)  
Investme

nt (JD) 
Pay-Back 
(Months) 

F.1 
Boiler Improved Combustion 
Efficiency  

768 315 7.0% 700 27 

Total 768 315 7.0% 700 27 
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 3.4 Ministry of Information and Communication Technology (MOICT) 

The Ministry of Information and Communication Technology MOICT has a built up area of 8,216 m2, 

of which 62% (5,087 m2) is air conditioned. The building was constructed in 1985 and is occupied 

by 190 government employees. 

MOICT’s 2015 electricity bill was JD 189,426. Table 13 shows the electricity and cost breakdowns. 

Over half of MOICT’s electricity demand is for air conditioning, reflecting the high percentage of air 

conditioning in this building. Lighting accounts for less than one-quarter of consumption in this 

building. 

Table 13:  Electricity Consumption Costs Breakdown at MOICT 

No
.  

Load Description 

Annual Consumption and 
Cost 

% of the 
Total 

Consumptio
n 

kWh JDs 

1 Floors Air Cooled Water Chillers 220,196 58,748 31.00% 

2 
Fourth Floor Air Cooled Water 
Chiller 

41,097 10,965 5.80% 

3 Split Air Conditioning System 38,940 10,389 5.50% 

4 Server Room Air Conditioning 56,242 15,005 7.90% 

5 Lighting System 152,977 40,814 21.50% 

6 IT Equipment 89,383 23,847 12.60% 

7 Pumping System 25,778 6,878 3.60% 

8 Elevators 17,516 4,673 2.50% 

9 Electric Water Heaters 5,940 1,585 0.80% 

10 Water Coolers 1,663 444 0.20% 

11 Others 60,265 16,079 8.50% 

  Total 709,997 189,426 100% 

 

The energy audit showed an encouraging 29.6% savings potential by implementing 10 ECMs 

leading to electricity and fuel cost savings totalling JD 63,023 /year.  

The investment needed to implement the recommended ECMs is estimated at JD 32,540 which 

would be returned back in around 6 months. Table 14 shows the full list of ECMs, including energy 

savings, bill savings, ECM investment costs, and the estimated simple pay-back period. The savings 

from ECMs are evenly split between lighting and air conditioning, with the remainder coming from 

improvements and optimization of water pumping requirements.  
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Table 14:  ECMs for the MOICT 

No. 
Electrical Systems Energy Conservation 

Measures 
Savings 
(kWh) 

Savings 
(JD) 

Savings 
(%)  

Cost  (JD) 
Pay-
Back 

(Months) 

Lighting System Energy Conservation Measures 

L.1 
Replace Existing Fluorescent Lamps 4x18 and 
2x36 Watt by New High Efficiency 18 W LEDs 

62,840 17,771 8.9% 5,342 4 

L.2 
Redesign some Lighting Systems Using LED 
Round Panel 18 Watt  

24,984 7,065 3.5% 502 1 

L.3 Occupancy sensor for lighting system Control  3,534 999 0.5% 1,350 16 

L.4 Replace Existing Lighting with LED Lighting  6,938 1,962 1.0% 1,483 9 

Air Conditioning System Energy Conservation Measures 

AC.1 
Improve the heat transfer Efficiency at the 
Water Chiller by Condenser Cleaning Program 

7,839 2,217 1.1% 750 4 

AC.2 
Improve the heat Transfer Efficiency at the 
Water Chiller by adding heat transfer additives 

26,129 7,389 3.7% 8,750 14 

AC.3 Water Chiller Shell & Tube Cleaning program 20,903 5,911 2.9% 3,500 7 

AC.4 
Optimize the A/C Thermostat Set-Point to meet 
international Standards 

25,949 7,338 3.7% 1,813 3 

AC.5 
Install Ambient Heat Recovery System for 
Server Room AC System 

16,965 4,798 2.4% 6,650 17 

Pumping System Energy Conservation Measures 

P.1 Control Chilled Water Pumps using VFD 2,140 605 0.3% 1,200 24 

P.2 Turn off B1 Chilled Water Pump (18.5 kW)  15,873 4,489 2.2% 0 0 

Other Energy Conservation Measures 

O.1 Energy conservation awareness for employees 7,100 2,008 1.0% 500 3 

Total 221,195 62,553 31.2% 31,840 6 

       

No. 
Fuel  System Energy Conservation 

Measures  
Savings 

(l) 
Savings 

(JD) 
Savings 

(%)  
Investment 

(JD) 

Pay-
Back 

(Months) 

F.1 
Improve the Combustion Efficiency of Diesel 
Boiler 

1,148 471 6.1% 700 18 

Total 1,148 471 6.1% 700 18 
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3.5 Ministry of Social Development (MOSD) 

The Ministry of Social Development MOSD has a built up area of 12,000 m2, of which 13% (1,596 

m2) air conditioned. The building was constructed in 2008 and is occupied by 320 government 

employees. 

MOSD’s 2015 energy bill was JD 151,835. Table 15 shows the electricity and cost breakdowns. 

Lighting makes up more than one-third of electricity consumption, followed by one-quarter for IT 

equipment and almost one-quarter for air conditioning. 

Table 15:  Electricity Consumption Costs Breakdown at MOSD 
 

No.  Load Description 
Annual Consumption and Cost % of the Total 

Consumption kWh JDs 

1 Lighting System 199,317 53,681 35.35% 

2 IT Equipment 142,058 38,259 25.20% 

3 Water Chiller 72,864 19,624 12.92% 

4 Server Room Air Conditioners 31,164 8,393 5.53% 

5 Split Air Conditioners 24,426 6,578 4.33% 

6 Elevators 31,680 8,532 5.62% 

7 Water Cooler 15,066 4,058 2.67% 

8 Fans 8,752 2,357 1.55% 

9 Pumping System 8,096 2,180 1.44% 

10 Others 30,344 8,172 5.38% 

  Total 563,766 151,835 100% 

 

 

The energy audit showed an encouraging 27.4% savings potential by implementing 14 ECMs, 

resulting in electricity and fuel cost savings totalling JD 51,491/year. 

The investment required to implement the recommended ECMs is estimated at JD 41,578 with a 

payback period of 10 months. Table 16 shows the full list of ECMs, including energy savings, bill 

savings, ECM investment costs, and the estimated simple pay-back period. Over three-quarters of 

the energy savings come from lighting system improvements with most of the remainder resulting 

from air conditioning systems optimization. 
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Table 16:  ECMs for the MOSD 

No. 
Electrical Systems Energy 

Conservation Measures 

   
Savin

g 
(kWh) 

     
Savings    

(JD) 

Savings 
(%)  

Cost (JD) 

Pay-
Back 

(Months
) 

Lighting System Energy Conservation Measures 

L.1 
Replace T8 Fluorescent Lamps 
2x36 W w/ LED Lamps 2x18 W 

56,433 16,375 10.0% 11,176 8 

L.2 
Replace T8 Fluorescent Lamps 
4x18 W w/ LED Downlight 18 W 

58,849 17,076 10.4% 4,644 3 

L.3 
Replace CFLs and 23 Watt w/ 
LED U-Bulb Lamps 12 W 

5,618 1,630 1.0% 1,223 9 

L.4 
Occupancy Sensor Light 
Controls 

2,600 755 0.5% 2,430 39 

L.5 
Replace Sodium Street Light 
150 Watt w/ LED Street Light 
90 Watt 

9,331 2,708 1.7% 7,200 32 

Air Conditioning System Energy Conservation Measures 

AC.1 
Water chiller Condenser 
Cleaning  

2,186 634 0.4% 750 14 

AC.2 
Water chiller heat transfer 
additives 

7,286 2,114 1.3% 3,800 22 

AC.3 
Water chiller shell & Tube 
Cleaning 

5,829 1,691 1.0% 1,750 12 

AC.4 
Optimizing AC system Set 
Points 

8,385 2,433 1.5% 1,140 6 

AC.5 
Ambient Heat Recovery for 
Server Room AC System 

5,893 1,710 1.0% 5,375 38 

Pumping System Energy Conservation Measures 

P.1 VFDs for Chilled Water Pump 1,162 337 0.2% 425 15 

Other Energy Conservation Measures 

C.1 Timer control of Water Coolers 3,819 1,108 0.7% 465 5 

O.2 Energy conservation awareness  5,638 1,636 1.0% 500 4 

Total 
173,02

9 
50,207 30.7% 40,878 10 

       

No. 
Fuel  System Energy 

Conservation Measures 
Savin
gs (l) 

Savings 
(JD) 

Savings 
(%)  

Investment 
(JD) 

Pay-
Back 

Months 

F.1 Boiler Combustion Efficiency  3,132 1,284 6.5% 700 7 

Total 3,132 1,284 6.5% 700 7 
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3.6 Energy and Minerals Regulatory Commission (EMRC) 

The Energy and Minerals Regulatory Commission EMRC has a built up area of 6,300 m2, of which 

19% (1,190 m2) is air conditioned. The building was constructed in 1973 and is occupied by 200 

government employees. 

EMC’s 2015 energy bill was JD 101,481. Table 17 shows the electricity and cost breakdowns. 

Consumption is evenly split between lighting (20%), IT equipment (25%), air conditioning (27.6%), 

and miscellaneous end uses. 

Table 17:  Electricity Consumption Costs Breakdown at EMRC 

No.  Load Description 
Annual Consumption and Cost % of the Total 

Consumption kWh JDs 

1 IT Equipment 97,044 24,994 24.63% 

2 Lighting System 80,014 20,608 20.31% 

3 Split Air Conditioners 54,756 14,103 13.90% 

4 Server Room Air Conditioners 53,622 13,811 13.61% 

5 Electric Space Heaters 47,520 12,239 12.06% 

6 Elevator 9,504 2,448 2.41% 

7 Water Coolers 8,748 2,253 2.22% 

8 Electric Water Heaters 7,260 1,870 1.84% 

9 Heating Water Pump 3,939 1,014 1.00% 

10 Fans 3,105 800 0.79% 

11 Others 28,504 7,341 7.23% 

  Total 394,016 101,481 100% 

 

The energy audit showed an encouraging 31.1% savings potential by implementing 14 ECMs 

leading to electricity and fuel savings totalling JD 41,051 /year. 

The investment needed to implement the recommended ECMs is estimated at JD 37,248, with a 

payback period estimated at 11 months. Table 18 shows the full list of ECMs, including energy 

savings, bill savings, ECM investment costs, and the estimated simple pay-back period. Over three-

quarters (76.7%) of the savings potential comes from improved lighting, with another 17% resulting 

from air conditioner system optimization.  
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Table 18:  ECMs for the EMRC 

No. 
Electrical Systems Energy Management 

Opportunities 
Saving 

 in kWh 
Saving 
 in JDs 

% of  
saving  

Investment  
JDs 

Pay-Back  
Months 

Lighting System's Energy Management Opportunities 

L.1 
Replace the Existing T8 Fluorescent Lamps 
4x18 Watt  by New High Efficiency LED 
Down light 18 Watt in some Selected Areas 

22,306 6,447 5.7% 1,527 3 

L.2 

Replace the Existing Compact Fluorescent 
Lamps 26 Watt and 23 Watt by New High 
Efficiency LED U-Bulb Lamps 12 Watt in 
some Selected Areas. 

4,293 1,241 1.1% 1,300 13 

L.3 
Control the Operation of Lighting System in 
Some Selected Areas Using Occupancy 
Sensors 

7,080 2,046 1.8% 1,575 9 

L.4 
Control the Operation of Lighting system in 
Some Selected Areas using Day Lighting 
Sensor 

3,601 1,041 0.9% 1,200 14 

L.5 
General Recommendations on Lighting 
System in Some Areas 

7,687 2,222 2.0% 436 2 

Air Conditioning System's Energy Management Opportunities 

AC.1 
Optimizing Temperature Set Point of all 
AC's in Both Summer and Winter According 
to International Standards. 

5,280 1,526 1.3% 525 4 

AC.2 
Relocate the Outdoor Units of the Server 
Room AC's to a Well Ventilated Location 

8,991 2,599 2.3% 750 3 

AC.3 
Install Heat Recovery System to Provide 
Free Cooling to Support the Server Room 
AC System 

16,965 4,904 4.3% 8,165 20 

Other Energy Management Opportunities 

O.1 
Improve and Optimize Existing Heating 
System and Prohibit Use of Electric Space 
Heaters 

47,520 13,736 12.1% 20,000 17 

O.2 
Switch Off the Water Coolers During Night 
Time by Programmable Timer 

2,217 641 0.6% 270 5 

O.3 
Increase Energy conservation awareness 
among the EMRC employees 

3,940 1,139 1.0% 1,500 16 

Total 129,880 37,542 33.0% 37,248 12 

       

No. 
Fuel  System Energy Management 

Opportunities 
Saving in 

Liter 
Saving 
in JDs 

% of 
saving  

Investment 
JDs 

Pay-Back 
Months 

F.1 
Effect of Boiler Replacement in EMO (O.1) 
on Heating System Efficiency 

8,022 3,509 19.5% 0 0 

Total 8,022 3,509 19.5% 0 0 
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4.0 ENERGY SAVING ACTION PLANNING 

4.1 Energy Saving Action Planning Process   

The energy audit results contained in this report show the potential for electricity and fuel cost 

savings for government buildings of between 35% and 40% with payback periods of one year or 

less. These findings suggest that government ministries and agencies can not only meet the energy 

savings targets set in the 2013 National Energy Efficiency Action Plan but can self-finance the ECMs 

recommended here using savings on their electricity and fuel oil expenditures. 

The potential benefits have been presented in the preceding sections. This section presents 

recommendations for how ministries and agencies can organize themselves to realize these savings.  

This study recommends that every ministry or agency establish an energy saving action planning 

process. The recommended process consists of several steps as described below. 

1. Form an Energy Committee: An Energy Committee should be commissioned by the 

Minister or the Secretary General (S.G.) of the ministry, or the Chief Commissioner or Head 

of Agency in case of other governmental agencies, e.g. the EMRC. This committee should 

include representatives from each department with an interest in or responsibility for planning 

and implementing energy saving measures – Procurement, Facilities, Accounting, and Public 

Affairs. The Committee should report to senior management on a regulator basis.  

2. Assign an energy manager: The commissioner of that committee should assign or appoint 

or hire an Energy Manager. The Energy Manager will have day-to-day responsibilities for 

identifying energy saving opportunities and planning and implementing energy conservation 

measures (ECMs). The Energy Manager should be technical qualified and partially or wholly 

dedicated to implementing the energy saving plan.  

3. Conduct an ASHRAE Level II (or equivalent) Audit. The Energy Committee and Energy 

Manager should work together to mobilize a professional energy auditor to conduct a 

thorough energy audit for the buildings under the purview of the ministry or agency. As 

described in Section 2.2, the energy audit process should include documenting the physical 

characteristics of the building, electricity and fuel consumption and expenditures for the past 

two years, and type and condition of all major energy-consuming systems in the buildings 

(lighting, air conditioning, pumping, IT equipment, space and water heating, and 

miscellaneous). The audit process should include identification of energy conservation 

measures, along with their costs and savings. The audit process should include a rank-

ordering of potential ECMs according to parameter including benefit-cost ratio and payback 

period. The result should be a detailed and actionable energy audit recommendations report. 

4. Use the results of the energy audit to set energy saving goals, identify the ECMs 

needed to meet these goals, and establish a monitoring and evaluation program to 

track progress. The Monitoring and evaluation (M&E) plan identifies key indicators (e.g., 

implementation progress, electricity and fuel oil consumption and expenditures) that the 

Energy Committee can use to track energy saving progress. Progress should be evaluated 

after each implementation activity to ensure that results are consistent with expectations. 

Benchmarking is an easy and quick tool to track improvements in energy efficiency as ECMs 
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are implemented. Benchmarks include the Energy Use Intensity (EUI) index and the Energy 

Cost Index (ECI). Each governmental building can easily benchmark themselves for quick 

evaluation and to check whether the expected improvements in energy performance from 

implementing ECMs have materialized.  

5. Implement easy and low cost ECMs. Many of the ECMs identified in this report are simple 

“good housekeeping” measures – cleaning condenser coils, adding additives to improve heat 

transfer characteristics. Other ECMs, such as replacing CFLs and fluorescent tube lamps 

with LED equivalents, can be financed with the energy savings from a few months of 

operation. The Energy Committee and the Energy Manager should mobilize internal and 

external resources to implement no-cost and low-cost ECMs not only to get immediate saving 

with low cost but to build practical experience for local staff. Implementation of more-

ambitious and higher-cost ECMs should come gradually as the local staff builds their 

capability. 

6. Begin Implementing higher cost ECMs: once the local staff has completed the installation 

of low cost and easy ECMs, their practical experience and capacity can enable them to install 

higher cost and more complex EE equipment.    

4.2 Additional, Longer-Term Energy Saving Actions  

This report has focused on ECMs which can be implemented easily at no or low-cost and which yield 

significant savings (one-quarter to one-third of energy costs) that pay for themselves within one year. 

There are additional significant energy savings which can be realized with longer-term and higher-

cost ECMs. This report recommends that each ministry should maintain its Energy Committee and 

Energy Manager even after completing the initial energy saving actions. The Committee should 

consider longer-term energy saving actions including ECMs that are not feasible or hard to be 

implemented as of today, renewable energy investments, and introduction of energy efficiency 

considerations in procuring equipment. Several recommended longer-term energy saving actions 

are briefly described below: 

 Invest in Renewable Energy. Many governmental buildings are installing renewable 

energy systems, both solar PV and solar water heaters. In buildings with electric water 

heating, such as MOITS, a solar water heater is recommended as a short-term ECM. Solar 

PV at today’s prices has a 3-5 year payback period, less economical than other ECMs. In 

the future, as solar PV prices come down, solar PV will likely become more economical. 

 Develop and Implement an Energy Efficient Procurement Policy. Life-cycle cost studies 

have shown that the initial cost of lighting, air conditioning, refrigeration and pumping 

devices are only about 10%-15% of the total operating costs over the life of the equipment. 

Adopting an energy efficient procurement policy will make it possible to consider the life-

cycle costs of new energy consuming systems instead of just the initial purchase cost. 

Recommended guidelines for government purchasing agents include:  

- HVAC System: all new AC system and split units shall be from the variable speed drive 

type (commercially known as Variable refrigerant flow /volume) or (Inverter Driven AC). 

These AC equipment are rated at A+ or more on the energy efficiency labelling scale. 

- Heating Boilers: heating boilers shall have high combustion efficiency regardless of the 

fuel type being used. High efficiency heating boilers are equipped with a monitoring 
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system that measures the real time combustion efficiency and automatically adjust the 

air/fuel ratio to keep the combustion efficiency as high as possible 

- Lighting system: all new installed lighting system should be LED type 

- IT Equipment: Energy Star qualified IT equipment such as PCs, laptops, IT servers, 

and photocopiers. 

 Conduct ASHRAE energy audit level I every three years.4 Energy efficient end-use 

technology is advancing at a rapid pace. A periodic Level I energy audit can check whether 

new technologies have emerged which could benefit a particular building. A periodic quick-

check audit can also reconsider ECMs which were identified during the Level II audit but 

found to be unachievable or uneconomic. ECMs with long pay-back periods today can be 

economically feasible in the future, due to rising energy prices or falling EE equipment 

prices.  

4.3 Develop an Initiative to Save Energy in Government Buildings    

Extrapolating the results of this study suggests that there is a large potential for low-cost energy 

savings across the public buildings sector. Based on public sector consumption estimates, 

implementing ECMs could save as much as 100 GWh in energy and reduce government spending 

by 25-30 million JD per year. This report suggests an initiative be undertaken to identify energy 

savings measures and support ministries and agencies to implement them. Such initiatives to save 

energy in government buildings have proven effective in the US, Canada, Mexico, and elsewhere. 

The initiative could be tailored to fit the needs of individual ministries and could include activities 

such as: 

1. Collecting the basic information (energy consumption and physical dimensions) needed to 

benchmark the energy performance of government buildings. 

2. Encouraging ministries to procure energy audit services from a licensed energy auditor. 

3. Providing technical support to the Energy Committees and Energy Managers established in 

individual ministries and agencies; 

4. Establishing an incentives scheme that encourages ministries and agencies to pursue energy 

saving opportunities 

5. Recognizing and rewarding ministries and government employees who implement energy-

saving measures.  

  

                                                

4 An ASHRAE Level I energy audit is less rigorous than a Level II energy audit. Typically a Level I, or walk-through, energy audit is 

more like a check-up than a thorough exam of the building characteristics and equipment. 
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Such an initiative could be undertaken through collaboration among the organizations already 

supporting energy saving in government buildings. For example, the Ministry of Public Works and 

Housing (MOPWH) is implementing an Energy Efficiency in Public Buildings activity with the support 

of the German donor KfW. The Jordan Renewable Energy and Energy Efficiency Fund (JREEEF) 

under MEMR is supporting energy efficiency and renewable energy investments across all 

consuming sectors. The quasi-public National Energy Research Center (NERC) has significant 

technical capability and experience in conducting energy audits. Finally, the Ministry of Finance has 

a vested interest in rationalizing all public expenditures, including energy expenditures. All of these 

entities would be important participants in the development of a government-wide initative to realize 

energy savings in public buildings.  

5.0 FINANCING ENERGY CONSERVATION MEASURES 

The energy audits of six government buildings found that between one-quarter and one-third of 

energy consumption could be saved by implementing no-cost and low-cost energy conservation 

measures. The package of ECMs recommended for each ministry and agency studied here had 

payback periods of one year or less and benefit-cost ratios of over 3 and in some cases as much as 

7. Based on these results financing should be easily available from several sources. This section 

briefly reviews the options for financing such highly economical energy saving projects.  

5.1 Self-Financing  

The most obvious financing is self-financing. The results presented here show that a package of 

ECMs optimal for each building were economically very attractive.  Table 19 shows the financial 

indicators for each building audited. All of these projects could be financed entirely from the reduced 

electricity and fuel oil expenditures over the course of one year.  

The potential savings were in the range of 1/3 of the annual energy bill for each ministry, while the 

cost was in the range of few tens of thousands (less than 50,000 JD in most cases). Because the 

cost of implementing all ECMs does not exceed the savings achieved within the first year, and the 

costs are modest compared to ministry budgets, self-financing should be achievable simply by 

reallocating the items in the energy budget for a single year. Most savings will persist for over 10 

years, assuming the ECMs are maintained.  

Table 19: Financial Figures of Merit for the Six Buildings Audited 

Ministry/ 

Agency 

Percentage of 

Potential 

Savings 

Annual 

Energy 

Saving 

Potential [JD] 

Implementation  

Cost  

[JD] 

Simple Pay-

Back 

[Years] 

MEMR 40.3% 37,430 22,860 0.61 

MOFA 32.6% 80,880 45,500 0.56 

MOITS 33.3% 122,220 133,100 1.1 

MOSD 27.4% 51,500 41,600 0.81 
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MOICT 29.6% 63,000 32,540 0.52 

EMRC 31.3% 41,000 37,250 0.9 

5.2 Financing through JREEEF 

The Jordan Renewable Energy and Energy Efficiency Fund (JREEEF) was established under the 

umbrella of the Ministry of Energy and Mineral Resources to assist implementing energy saving 

and/or renewable energy projects.  

JREEEF has considerable latitude in supporting renewable energy and energy efficiency projects. 

JREEEF has just established an agreement with commercial banks whereby JREEEF beneficiaries 

can access low-cost financing. JREEEF could also provide support to ASHRAE Level II audits for 

government buildings to reduce the risk to ministries of pursuing energy efficiency opportunities.  

5.3 Financing through the Energy Service Companies  

Some energy services providers offer financing schemes by which the ESP finances the cost of 

energy efficiency improvements in exchange for a percentage of the actual savings for a certain 

period of time. This has several advantages over other financing mechanisms, as it addresses any 

government budget limitation while providing guarantees to the government that the installation will 

be according to international standards and the actual savings will be as listed in the energy audit 

report. 

5.4 Financing through MoPWH’s Energy Efficiency in Public Buildings 
Program 

This program is currently focused on two ministries – Education and Health. However the program 

could be expanded to provide short-term working capital to implement low-cost ECMs for 

government buildings of other ministries and agencies.  
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