
Bensch, Gunther et al.

Research Report

Electrifying Rural Tanzania. A Grid Extension and Reliability
Improvement Intervention

Suggested Citation: Bensch, Gunther et al. (2019) : Electrifying Rural Tanzania. A Grid Extension and
Reliability Improvement Intervention, The Hague : Netherlands Enterprise Agency,
https://www.rvo.nl/sites/default/files/2020/05/ORIO%20Project%20Impact%20evaluation
%20Tanzania%202019.pdf

This Version is available at:
https://hdl.handle.net/10419/222259

Standard-Nutzungsbedingungen:

Die Dokumente auf EconStor dürfen zu eigenen wissenschaftlichen
Zwecken und zum Privatgebrauch gespeichert und kopiert werden.

Sie dürfen die Dokumente nicht für öffentliche oder kommerzielle
Zwecke vervielfältigen, öffentlich ausstellen, öffentlich zugänglich
machen, vertreiben oder anderweitig nutzen.

Sofern die Verfasser die Dokumente unter Open-Content-Lizenzen
(insbesondere CC-Lizenzen) zur Verfügung gestellt haben sollten,
gelten abweichend von diesen Nutzungsbedingungen die in der dort
genannten Lizenz gewährten Nutzungsrechte.

Terms of use:

Documents in EconStor may be saved and copied for your personal
and scholarly purposes.

You are not to copy documents for public or commercial purposes, to
exhibit the documents publicly, to make them publicly available on the
internet, or to distribute or otherwise use the documents in public.

If the documents have been made available under an Open Content
Licence (especially Creative Commons Licences), you may exercise
further usage rights as specified in the indicated licence.

https://www.econstor.eu/
https://www.zbw.eu/
http://www.zbw.eu/
https://www.rvo.nl/sites/default/files/2020/05/ORIO%2520Project%2520Impact%2520evaluation%2520Tanzania%25202019.pdf%0A
https://www.rvo.nl/sites/default/files/2020/05/ORIO%2520Project%2520Impact%2520evaluation%2520Tanzania%25202019.pdf%0A
https://hdl.handle.net/10419/222259
https://www.econstor.eu/
https://www.leibniz-gemeinschaft.de/


 
 

 
  

Electrifying Rural Tanzania 
A Grid Extension and Reliability Improvement Intervention 

Commissioned by the Netherlands Enterprise Agency 



       

 

 

 

   
       
 
 

   
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 

 

 

 

 

 

 

 

 

 

Electr fy ng Rural Tanzan a 
A Grid Ex ension and Reliabili y Improvemen  In erven ion 

Impac  Repor  

Evalua ion of  he ORIO Projec  ORIO10/TZ/01 



 

 
 

 

 

 

 
 
 

 

 

 

 

      

         

  

  

 

 

 

 

    

         

    

      

       

     

 

           

     

 
 
 
 
 
 

                    

                   

                     

                   

         

Eval ation of the ORIO Project ORIO10/TZ/01 

Elect ifying Ru al Tanzania. A G id Extension and Reliability Imp ovement 

Inte vention. 

Impact Report 

Publication date: November 2019 

Autho s: G nther Bensch, Willem Cornelissen, Jörg Peters, Natascha Wagner, 

Jan Reichert, Vend la Stepanikova 

on behalf of the consorti m 

Erasm s University Rotterdam (EUR), Rheinisch-Westfälisches Instit t für 

Wirtschaftsforsch ng (RWI), Georg-A g st Universität Göttingen 

Contact: Jörg Peters, Leibniz Instit te for Economic Research (RWI), Tel. +49 

201 8149 - 247, peters@rwi-essen.de 

Photo credits: Cover, G nther Bensch ◊ page 23, Willem Cornelissen ◊ page 29 ( pper left, lower 

middle right, bottom), Zwart Techniek ◊ page 29 ( pper right), Willem Cornelissen ◊ page 29 

( pper middle right), Merle Kreiba m ◊ page 29 (middle left), G nther Bensch ◊ page 55 (left), “An 

M-Power solar c stomer in Tanzania” by DfID, licensed  nder CC BY 2.0 ◊ page 55 (middle), Vend la 

Stepanikova ◊ page 55 (right), G nther Bensch 

i 

mailto:2018149-247,peters@rwi-essen.de


 

 

 

    

   

         

     

     

        

          

     

      

      

     

       

        

       

         

         

       

           

        

        

         

       

     

           

        

      

           

        

             

    

       

       

   

   

 

Content 

EXECUTIVE SUMMARY ...................................................................................................................................VII 

1. INTRODUCTION........................................................................................................................................ 1 

2. THE ORIO INTERVENTION ELECTRI YING RURAL TANZANIA..................................................................... 2 

3. EVALUATION APPROACH ......................................................................................................................... 6 

3.1. EVALUATION OBJECTIVE ............................................................................................................................... 6 

3.2. METHODOLOGY AND DATA OF INSTITUTIONAL ASSESSMENT................................................................................ 7 

3.3. METHODOLOGY AND DATA OF QUANTITATIVE IMPACT ASSESSMENT .................................................................... 9 

4. INSTITUTIONAL ASSESSMENT ................................................................................................................ 15 

4.1. ENERGY SECTOR CONTEXT .......................................................................................................................... 15 

4.2. ORIO PROJECT MANAGEMENT .................................................................................................................... 18 

4.3. TANESCO (RE-)ORGANISATION.................................................................................................................. 20 

4.4. TRAINING OF TANESCO STAFF ................................................................................................................... 21 

4.5. GREENING OF TANESCO’S ELECTRICITY SUPPLY ............................................................................................. 22 

4.6. OPERATIONS ANDMAINTENANCE PHASE....................................................................................................... 24 

4.7. A PREMATURE FINALISATION AND PROGRAMME CONSTRAINTS........................................................................... 26 

5. IMPACT RESULTS FOR RURAL INTERVENTION AREAS............................................................................. 31 

5.1. COMMUNITY AND HOUSEHOLD PROFILE ........................................................................................................ 31 

5.2. EFFECTS ON ENERGY SERVICE PROVISION AMONG RURAL HOUSEHOLDS................................................................ 34 

5.3. IMPACT ASSESSMENT FOR RURAL HOUSEHOLDS............................................................................................... 43 

5.4. IMPACT ASSESSMENT FOR RURAL MICRO-ENTERPRISES ..................................................................................... 47 

6. IMPACT RESULTS FOR URBAN INTERVENTION AREAS............................................................................ 53 

6.1. QUALITY OF ELECTRICITY SERVICE ................................................................................................................. 53 

6.2. URBAN HOUSEHOLD PROFILE....................................................................................................................... 56 

6.3. EFFECTS ON ENERGY SERVICE PROVISION AMONG URBAN HOUSEHOLDS ............................................................... 57 

6.4. IMPACT ASSESSMENT FOR URBAN HOUSEHOLDS .............................................................................................. 59 

6.5. URBAN ENTERPRISE PROFILE ....................................................................................................................... 61 

6.6. EFFECTS ON ELECTRICITY SERVICE QUALITY AMONG URBAN ENTERPRISES .............................................................. 62 

6.7. IMPACT ASSESSMENT FOR URBAN ENTERPRISES............................................................................................... 64 

7. COST-BENEFIT ANALYSIS AND SUSTAINABILITY OF THE ORIO ACTIVITIES IN TANZANIA......................... 67 

8. CONCLUSION ......................................................................................................................................... 71 

8.1. SUMMARY ON RESEARCH QUESTIONS............................................................................................................ 71 

8.2. LESSONS LEARNED AND RECOMMENDATIONS ................................................................................................. 74 

REFERENCES ................................................................................................................................................... 76 

APPENDIX....................................................................................................................................................... 81 

ii 



 

 

 

            

                

            

                

              

            

                 

          

           

        

 

 

 

 
 

          

             

       

          

           

         

         

           

              

           

               

         

          

                  

         

        

 

 

 

 
 

         

            

      

          

               

        

      

                 

         

      

Boxes 

Box 1: Regional context of the Electr fy ng Rural Tanzan a intervention ............................................................... 3 

Box 2: S mmary of key data on the project set p of the ORIO intervention ......................................................... 5 

Box 3: Existing evidence on the impacts of r ral electrification ............................................................................. 8 

Box 4: S mmary of key o tp t and intermediate o tcome indicators of the ORIO intervention ........................ 30 

Box 5: Selected responses of r ral micro-entreprene rs on the costs of electricity ............................................ 50 

Box 6: Selected responses of r ral micro-entreprene rs on financial constraints ............................................... 51 

Box 7: Selected response from semi-str ct red interviews abo t the positive impacts of a grid connection .... 52 

Box 8: S mmary of o tcomes of the ORIO intervention....................................................................................... 55 

Box 9: C rrent developments in the national electricity sector ........................................................................... 68 

Box 10: Impacts and Cost-benefit disc ssion........................................................................................................ 70 

Figu es 

Fig re 1: The target areas of the project ................................................................................................................ 2 

Fig re 2: Res lts chain of the ORIO project Electrifying r ral Tanzania.................................................................. 6 

Fig re 3: Eval ation st dy timeline....................................................................................................................... 12 

Fig re 4: Planned electricity network aro nd Mpanda town ............................................................................... 12 

Fig re 5: Organisational str ct re of the ORIO project management.................................................................. 18 

Fig re 6: Old diesel generator at Ngara ................................................................................................................ 23 

Fig re 7: Electricity so rces and electricity cons mption..................................................................................... 35 

Fig re 8: Primary lighting devices according to ho rs lit ...................................................................................... 39 

Fig re 9: Satisfaction with lighting q ality of different lighting devices at follow- p .......................................... 40 

Fig re 10: Satisfaction with different aspects of TANESCO's service.................................................................... 42 

Fig re 11: Complaints received by village leaders on different aspects of TANESCO's service ............................ 42 

Fig re 12: Generator  se d ring s rvey period .................................................................................................... 53 

Fig re 13: Perception of reliability among  rban ho seholds .............................................................................. 54 

Fig re 14: Perception of living conditions compared to 3 years ago sit ation by regions, in percent ................. 57 

Fig re 15: Monthly electricity cons mption, in kWh............................................................................................ 58 

Fig re 16: Ho seholds’ primary light so rces....................................................................................................... 58 

Tables 

Table 1: Starting dates of ho sehold connections .................................................................................................. 4 

Table 2: Methodological approaches followed for the different beneficiary gro ps ............................................. 9 

Table 3: Sample composition ................................................................................................................................ 13 

Table 4: Key electricity data for Tanzania 2010-2018 ........................................................................................... 16 

Table 5: Comm nity demographics and basic physical infrastr ct re available to the comm nities at baseline 32 

Table 6: Ho sehold descriptive baseline statistics................................................................................................ 33 

Table 7: Electricity access...................................................................................................................................... 34 

Table 8: D ration of access to electricity access among treated TANESCO c stomers in the sample ................. 36 

Table 9: Usage of traditional energy so rces........................................................................................................ 37 

Table 10: Appliance ownership............................................................................................................................. 38 

iii 



 

              

      

         

        

         

     

        

            

     

         

             

           

            

      

        

          

           

         

         

       

       

           

            

 

 

 

 

Table 11: Daily artificial lighting and l men ho rs, by so rce of lighting ............................................................. 39 

Table 12: Energy expendit res.............................................................................................................................. 40 

Table 13: Energy expendit res, by wealth level ................................................................................................... 41 

Table 14: Schooling and st dy time ...................................................................................................................... 43 

Table 15: Income-generating activities and ho sehold d ties ............................................................................. 44 

Table 16: Television cons mption......................................................................................................................... 45 

Table 17: Going o t after nightfall ........................................................................................................................ 45 

Table 18: Perceived safety and sec rity and protective health meas res............................................................ 46 

Table 19: Migration............................................................................................................................................... 47 

Table 20: Main micro-enterprises in st dy comm nities ..................................................................................... 48 

Table 21: Connection rates among micro-enterprises in st dy comm nities, in percent .................................... 49 

Table 22: Blacko ts in last 30 days, by districts .................................................................................................... 54 

Table 23: Perception of reliability among  rban c stomers at follow- p ............................................................ 54 

Table 24: Ho sehold characteristics ..................................................................................................................... 56 

Table 25: Ho sehold expendit res and income.................................................................................................... 57 

Table 26: Appliance ownership, in percent, and lighting  sage............................................................................ 58 

Table 27: Use of energy so rces, by expendit re q intiles .................................................................................. 59 

Table 28: Willingness-to-pay for stable electricity s pply .................................................................................... 60 

Table 29: Basic str ct re of the enterprise........................................................................................................... 61 

Table 30: Enterprise b siness information ........................................................................................................... 62 

Table 31: Enterprises’ electricity  se .................................................................................................................... 63 

Table 32: Electricity interr ptions and coping strategies of enterprises .............................................................. 64 

Table 33: Urban enterprises’ WTP determined by two-part model estimations.................................................. 66 

iv 



 

 

 

  

    

            

        

   

    

   

         

   

       

    

         

       

    

         

     

        

  

   

    

    

    

      

   

    

    

 
       

     

 
          

  

    

    

    

     

        

     

     

   

   

       

    

    
 

 

                       

       

Abb eviations 

Abb eviation 

ABC 

ATT 

AFD 

CBA 

CCTV 

CD 

DfID 

Diff-in-Diff 

EDCF 

EIB 

ESIR 

EWURA 

GPS 

ITT 

JICA 

KfW 

km 

kV 

LED 

LPG 

LoC 

MEM 

MW 

O&M 

OLS 

ORET 

ORIO 

REA 

REF 

PSM 

PSMP 

SE4All 

SME 

TANESCO 

TSh* 

TV 

USAID 

WTA 

WTP 

Meaning 

Anglo Belgian Corporation 

Average treatment effect on the treated (here:  sing the Diff-in-Diff approach) 

Agence française de développement (French development agency) 

Cost-benefit analysis 

Closed circ it television 

Compact disc 

Department for international development of the United Kingdom 

Difference-in-differences approach 

So th Korea economic development co-operation f nd 

E ropean Investment Bank 

Electricity s pply ind stry reform strategy and roadmap 2014-2025 

Energy and water  tilities reg latory a thority 

Global positioning system 

Intention to treat (here:  sing the Diff-in-Diff approach) 

Japan International Cooperation Agency 

Kreditanstalt für Wiedera fba (German state-owned development bank) 

kilometres 

kilo volts 

Light emitting diode 

Liq efied petrole m gas 

Letter of credit 

Ministry of energy and minerals 

Mega watts 

Operation and maintenance 

Ordinary least sq ares 

Development-related export transactions programme f nded by the 

Netherlands Ministry of Foreign Affairs 

Facility for Infrastr ct re Development f nded by the Netherlands Ministry of 

Foreign Affairs 

R ral electrification agency 

R ral energy f nd 

Propensity score matching 

Power system management plan 

United Nations s stainable energy for all initiative 

Small and medi m enterprises 

Tanzania electric s pply company 

Tanzanian shillings 

Television set 

United States agency for international development 

Willingness to accept 

Willingness to pay 

* At the time of the s rveys in 2014 and 2018 the exchange rate between E ro and Tanzanian Shillings was 1 E ro for 

approx. 2,150 TSh and 2,600 TSh, respectively. 
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Executive summa y 

P oject backg ound 

Access to reliable modern energy is one of 17 S stainable Development Goals. Thro gh the United 

Nations initiative S stainable Energy for All (SE4All), the international comm nity strives to provide 

modern and reliable energy to everybody by 2030. This report presents the res lts of an impact 

eval ation and instit tional analysis of the Electr fy ng Rural Tanzan a project, which is financed 

thro gh the D tch Facility for Infrastr ct re Development ORIO, with co-f nding by the Tanzanian 

government. When la nched in 2010 in collaboration with the Tanzanian parastatal  tility TANESCO, 

the aim of the ORIO project was to replace existing diesel generators by two 1.25 MW state-of-the-

art generators in three district towns in northern and western Tanzania each. In all three towns – 

Biharam lo, Ngara and Mpanda –, electricity grids were in place that were not connected to and not 

sched led for connection to the national grid at the time. The higher capacity of the new generators 

also allowed the ORIO project to extend the local electricity grids to s rro nding r ral areas. 

Technical assistance and specific trainings for TANESCO and newly connected enterprise c stomers 

complemented these activities. It is the objective of the ORIO project to achieve 19,700 ho sehold, 

4,000 enterprise and 500 p blic service connections ten years after project implementation. 

The foc s of this report is on the new connect on of hitherto non-connected ho seholds and 

enterprises in the s rro nding r ral areas and the serv ce upgrade of already connected ho seholds 

and enterprises in towns s ffering from freq ent o tages and load shedding. The report f rthermore 

doc ments an instit tional analysis that was cond cted in order to trace the project implementation 

at the level of TANESCO, incl ding the infl ence of the broader policy context on project s ccess. This 

instit tional assessment is partic larly important as the project has faced challenges that event ally 

triggered the cancellation of an Operat on and Ma ntenance phase, which had originally been 

planned to follow the installation of the generators. A considerably share of the project b dget, 38 

percent, had been foreseen for this O&M phase. Context matters, also for this project: the political 

context has changed over the project cycle with r ral electrification receiving a higher attention, 

both from the national government thro gh the B g Results Now initiative la nched in early 2013 and 

the international donor comm nity and financiers. 

All three generator sets were s ccessf lly installed, b t the changing political context also entailed 

the connection of two of the three towns – Biharam lo and Ngara – to the national grid. These two 

ORIO generator sets are c rrently  sed as back- p capacities on a very reg lar basis d e to an 

intermittent service of the national grid. However, this is expected to improve in the coming years 

d e to investments in the regional electricity transmission infrastr ct re. Against this backgro nd, 

the impact eval ation in this report examines impacts that are attrib table to a mix of ORIO and 

TANESCO investments. We refer to this mix as the ORIO project in the following. 

Key components of the ORIO p oject Electrifying Rural Tanzania 

Installation of six diesel generators Extension of local r ral grids by Complementary technical 

to replace old generators with low aro nd 225 km assistance and trainings for 

efficiency and reliability TANESCO and enterprises 
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Su veys and methods 

The eval ation is based on a series of field visits and s rveys. An inception mission was cond cted in 

2014, followed by two ro nds of s rveys: a baseline s rvey in 2014/2015 before project 

implementation and a follow- p s rvey in 2018/2019. Additional intermediate data collection 

specific to the instit tional assessment took place in 2016. We employ a mix of methods to 

determine the impacts of the ORIO project. For r ral ho seholds, we primarily  se a q antitative 

difference-in-differences (Diff-in-diff) approach  sing the two s rvey waves with 58 treatment 

comm nities connected by the ORIO project and 42 control comm nities that remained non-

electrified over the entire st dy period. For  rban ho seholds and enterprises, we  se a before-after 

comparison beca se identifying similar towns as control gro ps was not possible. In total, we 

s rveyed 1155 ho seholds in r ral areas as well as 300 ho seholds and 595 enterprises in towns. For 

r ral enterprises, we cond cted a smaller s rvey  sing q alitative interviews. We additionally  se 

willingness-to-pay methods to assess the degree to which connected firms and ho seholds val e 

changes in the electricity service q ality in towns after implementation of the ORIO project. 

Impacts in  u al a eas 

We find that 38 percent of ho seholds in newly grid-covered areas are connected to the grid at the 

time of follow- p, despite high connection s bsidies provided by the governmental R ral 

Electrification Agency (REA). The most notable reasons for those who do not connect are connection 

fees, in-ho se installation costs, and r nning electricity costs. 

One of the most striking findings is the massive rise of solar panel  se among off-grid ho seholds 

(see fig re). Witho t any external programme by a governmental or non-governmental organization, 

people have obtained panels on the local market. The vast majority are non-branded prod cts, 

marketed thro gh local shops by a Dar-es-Salam-based Tanzanian enterprise. In control 

comm nities, 60 percent of ho seholds satisfy their electricity demand thro gh solar panels at 

follow- p, which is three times more than fo r years earlier. Given the availability of grid electricity 

in ORIO comm nities, solar panels are less 

common there and contrib te to a total 
Availability of electricity among rural households 

penetration rate of electricity so rces of 

72 percent. This finding is somewhat in line 

with previo s research in the co ntry 

(Chaplin et al. 2017) and elsewhere in 

Africa (Grimm and Peters 2016, Bensch et 

al. 2017, 2018). Beca se of this rise of solar 

panel  sage, the ORIO project does not 

F
o
ll
o
w
 
p
 

B
a
se
li
n
e
 

Treatment 

Control 

Treatment 

Control 

achieve an increase in access to electricity 
0 20 40 60 80 

according to o r Diff-in-Diff estimations. 
% 

Q ality and power of the service, tho gh, 
TANESCO solar generators or car batteries are higher for grid-connected ho seholds. 
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This is reflected in more grid-connected ho seholds  sing a TV set, line-powered radios and electric 

irons. Also the  sage of artificial light is considerably higher. For example, 68 percent of grid-

connected TANESCO clients  se TV sets. In terms of energy expendit res, grid-connected ho seholds 

rather spend more on energy than before and more than the control gro p, which is d e to the 

broader range of energy services available. 

Poorer ho seholds tend to connect less. In the 50-metre corridor aro nd the electricity grid, for 

example, 42 percent are connected among the poorest 20 percent of ho seholds and 69 percent in 

the richest 20 percent of ho seholds. Overall, electricity cons mption is still low. After being 

connected to the grid for on average 1.7 years, the median electricity cons mption is 21 kWh per 

month. We therefore observe a rec rrent iss e of electrification intervention in S b-Saharan Africa: 

the concomitance of low demand and non- niversal access (Blimpo and Cosgrove-Davies 2019). 

The high TV  sage rate in connected ho seholds affects time  se the most. Male and female ad lts in 

connected ho seholds watch on average 1.3 and 1.1 ho rs per day, respectively, which is 50 min tes 

more than the average of non-connected ho seholds. Otherwise, there are no perceivable effects of 

the ORIO project on poverty indicators s ch as employment, income generation, and ed cation. We 

do not see more people engaged in non-farm activities and the prod ctive  se of electricity in 

ho seholds is extremely rare. This is in line with the emerging rigoro s literat re on electrification 

and its impacts in r ral Africa (Lee et al. 2019, Chaplin et al. 2017, Lenz et al. 2017). 

Impacts in u ban a eas 

The main objective of the ORIO Perception of electricity reliability among urban customers 

project was to improve the 

service q ality in the already grid-

connected three towns 

Biharam lo, Ngara and Mpanda. 

Since Biharam lo and Ngara were 

connected to the national grid in 

2015 and 2018, respectively, the 

generators here only serve as 

back p facilities. The generators 

are  sed more than 100 ho rs 

per month also in these two 

towns, since the grid is  nreliable 

in the area as of now. Compared to the baseline sit ation in 2014, the service q ality has clearly 

improved only in Mpanda, where the n mber of blacko ts has gone down considerably. While the 

d ration of blacko ts has improved in all towns, freq ency of blacko ts has rather increased in 

Ngara. Reliability is still an iss e for Biharam lo, where the sit ation is perceived to have improved 

from a worse level in 2014. This is consistent with s bjective statements by ho seholds and 

enterprises on how satisfied they are with service q ality (see fig re). The amo nt of electricity 

cons med basically did not change, neither for ho seholds nor enterprises. 

Strategies to cope with o tages are an important q estion in the context of electricity reliability, 

especially for enterprises. O tages affect firms in different sectors differently. The majority of trade 

enterprises (aro nd 70 percent) b t only half of service and a third of man fact ring firms contin e 

normal operations in case of o tages. Half of man fact ring firms even have to stop their b siness. 

ix 
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Generator ownership has decreased from 18 percent in 2014 to 11 percent in 2019 – mostly driven 

by enterprises in Biharam lo and Mpanda. However, especially in the more electricity-reliant service 

and man fact ring sectors (as compared to trade) the decrease is very modest. Here, generators 

made  p 90 and 88 percent of back- p facilities at baseline and 85 and 80 percent at follow- p, 

respectively. Fo r percent of firms have a solar panel, which does not allow r nning high-power 

appliances, tho gh. 

As an additional impact meas re, we elicited the hypothetical willingness to pay (WTP) of  rban 

enterprises for a service improvement. The res lts confirm the observations above to the degree that 

man fact ring and service firms state a higher WTP than trade firms. Firms operating  nder the 

‘heavy ind stry’ tariff of TANESCO report the highest WTP. Moreover, the WTP of firms in Ngara and 

Biharam lo is higher than for those in Mpanda. 

Several lessons learned and policy recommendations can be taken away from this st dy. First, 

electrification interventions are no longer abo t providing mere access to electricity. The solar 

market is working even in remote r ral areas like those  nder eval ation in this report to cater for 

basic electricity demand. Grid extension in co ntries with low r ral electrification rates sho ld rather 

be foc sed on regions where more powerf l electricity is needed. These regions co ld then also be 

s bject to more targeted, holistic private sector development engagement. As this st dy has shown, 

in spite of an expensive grid extension and a sim ltaneo s increase in solar panel  ptake, a non-

negligible share of aro nd 28 percent of ho seholds in grid-covered areas are witho t electricity and 

hence, relatively even worse-off than before. Promotion policies for off-grid electricity sho ld 

therefore be conditioned on a clear poverty targeting. Regarding off-grid solar, f t re policy 

intervention is req ired in partic lar when it comes to end-of-life electronic waste. 

Second, it became evident that the adeq acy of electricity generation is only one s pply-side factor 

that affects reliability. Similarly important, reliability depends on and can be f rther enhanced 

thro gh conditions of the power system infrastr ct re, incl. network expansion, network 

maintenance, and illegal connections, as well as  tility financial and operational performance and 

energy sector reg lation. 

Third, the rec rrent problem with setting  p O&M components partic larly calls for a clearer 

definition of modalities on how to contract o t critical maintenance tasks, a definition that needs to 

be laid o t early on in the design phase of an infrastr ct re development project. 

Fo rth, the design of the ORIO project did not seem to be s fficiently aligned with recent 

developments in policies, strategies, as well as operational and financing plans. To enhance the flow 

of information abo t the sector context in the partner co ntry, it co ld be considered to give priority 

to infrastr ct ral project proposals in those sectors and co ntries where the Netherlands is 

represented directly or thro gh delegated participation in sector working gro ps or ro nd tables. To 

f rther enhance the embedding of the s pported project in the partner co ntry’s sched led 

infrastr ct re investments, it co ld additionally be considered to expand the req irement for 

alignment of the envisaged project from the c rrent alignment to general policies and sector 

strategies, b t also to more specific sector-level financing plans and/ or sector-level medi m-term 

expendit re frameworks. 

Fifth and finally, the main o tcome indicator of the ORIO project of 24,000 new and improved 

connections as basis of the val e-for-money relation of the ORIO project was problematic from the 

o tset. While it will possibly be achieved d e to the  nforeseen connection of two towns to the 

national grid and a considerable  p-scaling of r ral grid extension activities in the co ntry, it wo ld 

otherwise not have been achievable witho t considerable additional contrib tions from the 

x 

http:representeddirectlyorthroughdelegatedparticipationinsectorworkinggroupsorroundtables.To


 

              

            

                

              

       

 

 

Tanzanian side. Among others, the low-voltage lines f nded by ORIO were clearly ins fficient to 

achieve the envisaged connection fig res. To generally enhance realism in the  nderlying 

ass mptions of project proposals s bmitted to RVO, it co ld be considered to condition part of the 

financial contrib tion to a limited n mber of process and o tp t performance indicators in the 

financing contract. 
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1. Int oduction

More than one billion people in developing co ntries lack access to electricity with a large share 

living in Africa. Connectivity is partic larly low in r ral areas. With its h ge geographical extent and 

low pop lation density, infrastr ct re development is a partic lar challenge in Tanzania. 

Electrification rates are 17 percent in r ral and 65 percent in  rban areas of mainland Tanzania 

(excl ding Zanzibar, URT 2017). It is often hypothesized that lacking access to electricity hampers 

h man development in many regards. The lack of access to modern lighting in ho seholds limits their 

possibilities to p rs e prod ctive activities after nightfall, b t also ed cational and recreational 

activities. Likewise, enterprise development and the provision of p blic services becomes more 

diffic lt (APP 2015). 

In addition, even in grid-covered areas service q ality is often bad with freq ent o tages, forcing 

firms to interr pt their work or resort to expensive generators. According to Blimpo and Cosgrove-

Davies (2019), “in 25 of the 29 co ntries in Africa with recent data, less than one-third of firms have 

reliable access to electricity”. It is therefore often arg ed that addressing reliability of the grid sho ld 

be given higher priority by policy. 

This report eval ates the implementation and impacts of the Electr fy ng Rural Tanzan a project that 

addresses both the low electrification rates in r ral areas and the electricity service q ality in already 

grid-covered town. The project is jointly f nded by the Government of Tanzania and the Facility for 

Infrastr ct re Development (ORIO), which in t rn is financed by the Netherlands Ministry of Foreign 

Affairs and managed by the D tch implementing agency RVO. ORIO enco rages p blic infrastr ct re 

development in developing and middle-income co ntries. The ORIO project in Tanzania rehabilitated 

and extended three isolated grids in northern and western Tanzania that are r n by diesel generators 

with a total capacity of 7.5 MW. Aro nd 133,000 beneficiaries are s pposed to be reached in  rban 

and r ral areas as well as abo t 4,000 enterprises and 500 p blic service instit tions, part of whom 

had s ffered from s pply shortages before the intervention. 

The eval ation is based on a series of missions, field trips, and large s rveys. We s rveyed 300  rban 

ho seholds and 595  rban enterprises as well as 1155 ho seholds in r ral areas for a before-after 

panel in 2014/2015 (baseline) and 2018/2019 (follow- p). Impacts are identified by means of a 

difference-in-differences approach in r ral areas and a before-after comparison in  rban areas. 

The report is organized as follows: Section 2 and 3 introd ce the project  nder eval ation as well as 

the methodological approach and the sampling. Section 4 s mmarizes the findings of an instit tional 

assessment of the project policy context and project exec tion. Section 5 presents the s rvey and 

impact res lts in r ral areas and shows the relevant socio-economic characteristics and energy 

cons mption patterns, while Section 6 does the same for the  rban part of the target pop lation, 

with a partic lar foc s on changes detected in terms of electricity reliability. Section 7 p ts these 

medi m-term impacts in the context of the long-term project cycle of this infrastr ct re intervention 

to ga ge its overall costs and benefits. Section 8 provides a short concl sion. Along the report, boxes 

s mmarize findings for activities, o tp ts, o tcomes, and impacts of the intervention. 
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2. The ORIO inte vention Electrifying Rural Tanzania 

This section o tlines the original project design and goals of the Electr fy ng Rural Tanzan a 

intervention. The project is part of the p blic infrastr ct re development programme ORIO. ORIO 

s cceeded the Development-Related Export Transactions programme (ORET) in 2009 and in t rn was 

closed in April 2014.
1 

The project was selected for ORIO grant 

financing in 2010, planned with a total b dget 

of 32.7 million E ro, eq ally covered by ORIO 

and the Tanzanian government – represented 

by the Tanzanian Ministry of Energy and 

Minerals. The overall objective of the project 

was to s pport the parastatal electric  tility 

TANESCO (Tanzania Electric S pply Company 

Limited) in  pgrading and newly establishing 

local electricity infrastr ct re aro nd the three 

non-adjacent district capital towns Biharam lo, 

Ngara, and Mpanda
2
(see also Fig re 1 and Box 

1). This is to benefit a total of 133,000 people 

ten years after project implementation, of 

which aro nd 103,000 beneficiaries are to be 

attained thro gh aro nd 18,500 new 

connections in r ral areas not yet covered by 

the grid. The vast majority of the ro ghly 

24,000 new and improved connections are 

expected to be private ho seholds (19,700). 

The remainder is expected to be small b sinesses (3,700), local ind stry (320 connections) and p blic 

services like hospitals and schools (484 connections). 

The project was planned to cover two main phases, an  mplementat on phase with a b dget of 20.3 

million E ro and an operat on and ma ntenance (O&M) phase, for which 12.4 million E ro were 

allocated (TANESCO 2011). These were preceded by a development phase with an additional b dget 

of 396,000 E ro f lly covered by ORIO. The implementation phase was initially sched led for the 

period March 2012 to J ne 2013, while the O&M phase was s pposed to cover a period of 30 years 

where ORIO wo ld co-finance maintenance that cannot be cond cted by TANESCO staff in the first 

10 years. As will be disc ssed in Section 4, act al implementation faced vario s h rdles, only took 

place between 2016 and 2018, and it was decided to cancel the O&M phase in late 2018. 

The s pport provided by the ORIO project can be s mmarized into three core activities of the 

 mplementat on phase, which will be o tlined in the following: (i) replacement of old diesel 

generators by new models, (ii) grid extension to r ral areas aro nd the towns, and (iii) 

complementary trainings and technical assistance. 

1 
In 2015, an adj sted programme for p blic infrastr ct re was la nched, the Developmentally Relevant 

Infrastr ct re Investment Vehicle (DRIVE) for middle-income co ntries and Development2B ild (D2B) for least 

developed co ntries (Kamerst k 33625, nr.97). 
2 
To be precise, a considerable part of the r ral project act ally belongs to Mlele district rather than to Mpanda 

district. In addition, Mpanda town is officially not part of Mpanda district. As the generator is located in Mpanda 

town, in the following we refer to this project area as Mpanda. 

Figu e 1: The ta get a eas of the p oject 

Source Natio s O li e Project 

2 

http:developedcountries(Kamerstuk33625,nr.97


 

          

 
 

        

               

               

                   

                

              

            

                

            

                   

               

                 

                

                

             

        

              

                  

                       

                

             

                 

                  

                 

                   

                 

                  

                    

              

              

                 

              

                

         

               

             

               

              

            

               

                  

              

                 

     

Box 1: Regional context of the Electrifying Rural Tanzania inte vention 

The two intervention sites in northern Tanzania, Biharam lo and Ngara, are located in Kagera region at the 

border to Rwanda. The third intervention site, Mpanda, is sit ated in Katavi region in the West of the 

co ntry at the Congolese border. Both regions are at ro ghly 1,400 kilometres from Dar es Salaam. Road 

access is diffic lt, and social services are scarce in most r ral areas. The three sites are named after their 

district capital towns with a pop lation of aro nd 20,000 in Biharam lo and Ngara and 80,000 in Mpanda 

(National B rea of Statistics 2012, 2017). In 2016, 89 percent of  rban and 16 percent of r ral ho seholds 

had access to any sort of electricity in Kagera region, 67 percent of them via the grid. These n mbers are 

63 ( rban), 32 (r ral), and 41 percent (grid) for Katavi region, respectively (URT 2017). 

Biharam lo and Ngara have extensive forests and some nat ral reserves, incl ding game and nat ral 

forests. The Mpanda area consists of woodland and b sh land. The mainly r ral project area is dominated 

by s bsistence farming (bananas, sorgh m, maize, beans), and some c ltivation of cash crops (jatropha, 

coffee, tobacco, cotton and tea), livestock prod ction and beekeeping. It is estimated that 80 percent of 

the pop lation are engaged in agric lt re (URT 2017). 

Mining is another important so rce of reven es in the three districts, often cond cted by small-scale 

miners. Mineral commodities incl de gold, nickel, cobalt, green to rmaline, gemstone, and copper. The 

man fact ring sector is at its infancy stage in the regions. The activities are man fact ring simple 

cons mer goods like food, beverages, textiles, tobacco, wood prod cts, r bber prod cts, iron, steel, and 

fabricated metal prod cts, which are prod ced for the local market mostly. 

Agric lt ral commodities also dominate the exports from the regions. Bihar m lo is a market h b for 

trade and services and a crossroad linking the cities of B koba and Mwanza as well as B r ndi and 

Rwanda. For Mpanda, trade opport nities with neighbo ring co ntries are limited, beca se the border to 

the Democratic Rep blic of Congo is Lake Tanganyika and the border to Zambia is located at 330 

kilometres from Mpanda district capital. 

Replacement of old d esel generators by new models 

Each of the three project towns had been covered by decentralized electricity networks powered by 

two stand-alone diesel generators before the ORIO project (also referred to the `intervention’ in the 

following). They had a nameplate capacity of 424 to 660 kW each and were between 20 and 30 years 

old. According to project information, they ran at abo t 30 percent of their capacity only and 

cons med twice as m ch f el as modern generators per  nit of electricity prod ced. The grid-

connected  rban and peri- rban pop lation experienced freq ent o tages and heavy load shedding. 

F rthermore, the risk was considered high that the generators fail completely in the very near f t re, 

which wo ld effectively disconnect the  sers from the electricity services (ORIO 2013). 

At the time of planning in 2011, the ORIO project developers considered all sites too far away to be 

connected to the national transmission and distrib tion grid in the then foreseeable f t re. The grid 

was mainly limited to the eastern parts of the co ntry. The project therefore decided to replace the 

dilapidated generators by six modern generators of 1.25 MW each, relying on a model provided by 

the D tch company Zwart Techniek B.V. that was already  sed and maintained by TANESCO in other 

parts of the co ntry. The old generators were to be dismantled by TANESCO. 

Gr d extens on to rural areas around the towns 

The new higher-powered generators were s pposed to not only increase reliability in the existing 

grid, b t also to allow its extension to f rther r ral areas in the town peripheries. The network was 

extended by a total of 171 km of 33 kV line, and 44 km of low voltage line, incl ding a total of 44 s b-

stations. D e to delays in the  mplementat on phase, some of the project sites were incorporated in 

the grid extension activities of the governmental R ral Electrification Agency (REA). These were 
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typically sites close to the existing decentralized electricity networks. Thereby, some of the low and 

medi m voltage lines and s b-stations originally stip lated in the contract between ORIO and 

TANESCO were freed  p. These were redirected by TANESCO to the extension of the networks to 

f rther villages in the intervention areas. Event ally, a total of 38 sites got electrified thro gh ORIO. 

In this eval ation, we cover those comm nities electrified by ORIO/ TANESCO and those electrified 

by REA, which will be referred to as ‘TANESCO sites’ and ‘REA sites’, respectively. This has to do with 

the fact that not only the “last mile” electrification by REA is identical to the one adopted by ORIO 

and critically relies on the generators and grid extension provided by the ORIO project. The 

comm nities targeted by ORIO, for their part, also benefitted from connection s bsidies by REA. 

Instead of the standard connection fees of 177,000 TSh (400 E ro), ho seholds living  p to 30 metres 

from the electricity grid, for example, only had to pay the val e added tax of 18 percent on the  s al 

connection charges, which amo nted to 27,000 TSh (12 E ro).
3 

Key dates of the implementation phase for both types of sites are s mmarized in Table 1. The table 

f rthermore indicates that the centralized grid  nderwent extension activities to Biharam lo and 

Ngara – independent of the ORIO project. The transmission network to the area, tho gh, is rather 

weak and still in the process of being  pgraded. Therefore, for now the generators in the two towns 

are actively req ired as back- p. This will be f rther disc ssed in Section 4 and 6.1. 

Table 1: Sta ting dates of household connections 

P oject 

Region 

Date of installation of 

ORIO gene ato s 

Sta ting date of household 

connections 

Se vice status of ORIO 

gene ato s in 2019 

Date of connection 

to cent alized g id 

Biharam lo J ly 2016 TANESCO: September 2016 back- p mid-2015 

REA: November 2014 

Mpanda May 2017 TANESCO: October 2017 

REA: J ly 2015 

f ll electricity service (unl kely to be con-

nected before 2024) 

Ngara A g st 2016 TANESCO: December 2016 

REA: A g st 2014 

back- p April 2018 

Complementary tra n ngs and techn cal ass stance 

The third core activity of the  mplementat on phase was complementary training and technical 

assistance, among others provided by the D tch cons ltancy company Berenschot as the main 

contracted partner for the preparation stage (and later cons ltant to TANESCO). Partner 

representatives at TANESCO were trained in project management (2013), mechanical and electronic 

engineers were trained in technical maintenance (2016, 2017), while part of the small and medi m 

enterprises (SME) in the intervention areas were aimed to be trained in the  se of electricity. For 

more details on these complementary trainings, see Section 4.4. 

3
For TANESCO grid connection fees, see TANESCO (2019). Iron roofs were another prereq isite for getting connected 

to electricity, since thatched roofs are more prone to fires. The baseline report fo nd that in fact 87 percent of 

ho seholds in comm nities to be electrified by the ORIO project had an iron roof (Bensch et al. 2017). 
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Box 2: Summa y of key data on the p oject setup of the ORIO inte vention 

Project name: 

Programme: 

Project d ration: 

Project financing: 

Project objective: 

intervention zones: 

project components: 

Electr fy ng Rural Tanzan a 

ORIO, a D tch p blic infrastr ct re programme in developing co ntries 

2010 – 2018 

50% ORIO + 50% Tanzanian government 

Provide 133,000 people with new or improved electricity access ten years 

after project implementation, while also catering to small b sinesses, local 

ind stry and p blic services like hospitals and schools 

The three district towns Biharam lo, Ngara, and Mpanda in northern and 

western Tanzania as well as the s rro nding r ral areas 

Implementat on Phase (2016 – 2018, 20.3 m ll on Euro budget) 

1. Installing new diesel generators to replace old generators with low 

efficiency and reliability (+ g aranteeing their dismantling) 

2. Extension of the local r ral grids by aro nd 215 km 

3. Complementary technical assistance and trainings related to O&M, 

health, safety and environment, project management at TANESCO, and 

b siness development of SME 

O&M Phase (cancelled, planned budget of 12.4 m ll on Euro) 

• F nding of maintenance that cannot be cond cted by TANESCO staff in 

the first 10 years of operation 

ORIO 

inte vention 

O tp t and 

Intermediate 

O tcomes 

O tcomes 

Impact 

and 

Cost-Benefit 

» » » 
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3. Evaluation App oach 

3.1. Evaluation objective 

The intervention logic of the ORIO project is o tlined in Fig re 2. It depicts the intended path from 

the inp ts and activities provided by ORIO to the potential impacts on its targeted beneficiaries. The 

main objective of this impact eval ation is to q antify the act al impacts of the intervention among 

r ral and  rban ho seholds and enterprises. An additional goal is to tease o t whether the links 

insin ated by this theory of change are appropriate in light of how the project act ally worked. 

Figu e 2: Results chain of the ORIO p oject Elect ifying  u al Tanzania 

Input Resou ces (human, technical, financial) 

Partner/ 
TANESCO 

benefi iary 

Activities TANESCO  eceives co-funding to upg ade, ope ate TANESCO  eceives t aining to 

and maintain elect icity supply in th ee ta get a eas imp ove elect icity se vices 

Output 

Inte mediate Outcome 

(Use of output) 
TANESCO ope ates the elect icity netwo ks efficiently and maintenance takes 

place p oficiently and in due time 

Outcome 

(Dire t results) 

Benefi iary Schools Health stations Households and mic o, small and medium ente p ises 

Education 

Gende  

Health Time savings 

and dec ease 

of wo k load 

Safety and 

secu ity 

Impact 

Ente tainment and 

info mation (TV/  adio) 

Lighting Othe  appliances 

and machines 

Convenience Reduced 

ene gy 

costs 

Change in 

attitudes 

Income 

Mobile phone 

cha ging 

Elect icity use 

in health station 

Elect icity use 

in schools 

Human development 

P ivate secto  development 

Att ibution Gap 

Reduced 

CO2 

emissions 

Mig ation 

Legend 

Impact - Impa t dimensions that  an be expe ted to be signifi antly affe ted both by ele tri ity servi e upgrade and new  onne tions 

Impact - Impa t dimensions that  an be expe ted to be signifi antly affe ted only by new ele tri ity  onne tions 

Note  This results chai  abstracts from the SME busi ess developme t trai i g compo e t, si ce it was o ly impleme ted 

after the follow-up data collectio  for this evaluatio . 

Source ow  represe tatio  

For these p rposes, a q antitative  mpact assessment and a q alitative  nst tut onal assessment are 

cond cted, addressing separate sets of eval ation q estions at different levels of the res lts chain. 

TANESCO is financially capable to Gene ato s a e TANESCO is o ganizationally and 

upg ade and sustainably ope ate installed, dist ibution technically capable to sustainably 

and maintain the elect icity lines a e e ected and ope ate and maintain the elect icity 

netwo ks in the ta get a eas elect icity is p ovided netwo ks in the ta get a eas 

Ru al beneficia ies connect to the 

elect icity g id 

Mo e  eliable elect icity supply in u ban a eas 

(less outages, less voltage fluctuations) 
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The instit tional assessment addresses eval ation q estions at o tp t and intermediate o tcome 

level, while the impact assessment addresses eval ation q estions at o tcome and impact level. The 

methodologies of these two approaches are o tlined in the s bseq ent s b-sections. 

 O tp t and intermediate o tcome level: 

(i) Have the generators and distrib tion lines been installed and are these in operation? 

(ii) Have the new generators replaced the obsolete generators? 

(iii) Is TANESCO capable (in terms of financial, organisational and h man capabilities) to 

adeq ately maintain the eq ipment and distrib tion lines? 

 O tcome level: 

(i) What is the connection rate of ho seholds, enterprises, and social infrastr ct re 

instit tions in the newly connected project area? 

(ii) How do connection rates evolve in the town centres with rehabilitated connections? 

(iii) How does the freq ency and d ration of o tages change? 

(iv) For which p rposes and how m ch electricity is  sed? 

(v) Which socio-economic gro ps (incl. income gro ps) benefit from availability of electricity? 

 Impact level: 

(i) How have expendit res for energy changed? 

(ii) To what extent has safety/protection changed? 

(iii) To what extent has comfort/convenience changed? What monetary val e do ho seholds 

attrib te to this increased convenience? 

(iv) To what extent have activities d ring evening ho rs changed – both inside and o tside the 

ho sehold? Have st dy ho rs/reading time of children changed? Have women and 

children enjoyed more or less rest for physical rec peration? 

(v) How have, in response to the possibly increased media expos re, attit des and 

behavio rs, s ch as fertility-related decisions and children’s school enrolment changed? 

(vi) Has the availability of electricity triggered new economic activities or displaced old ones? 

(vii) Has school attendance changed as a res lt of electricity  se? 

(viii) In how far have climate-relevant emissions been affected? 

(ix) How are impacts distrib ted across different income gro ps? 

(x) What (if any) positive and/or negative  nintended effects have occ rred? 

3.2. Methodology and data of Institutional Assessment 

The concept al frame of the Open Systems Approach (E ropeAid 2011) co ld be f lly applied in the 

2016 intermediate instit tional assessment (Cornelissen 2016) b t was simplified for this final report. 

The instit tional changes since 2016 in TANESCO are of modest importance to the ORIO project, 

reason why the c rrent report refers less to the TANESCO instit tional context. Instead, it foc sses 

on the instit tional relations among RVO, the Ministry of Foreign Affairs, TANESCO, Berenschot and 
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Box 3: Existing evidence on the impacts of  u al elect ification 

On the household level in newly elect ified villages, literat re s ggests that the major impact is on ‘softer’ 

levels s ch as increased convenience and comfort ind ced by  sing electric lighting and appliances s ch as 

radio, TV, or a mobile phone charger, as well as on the level of expendit res (see for example Acker and 

Kammen 1996, Bensch, Peters and Sievert 2013, Peters and Sievert 2016 or Lenz et al. 2017, Wam konya 

and Davis 2001). There is also some evidence for effects on income and ed cational indicators (Khandker 

et al. 2012, Khandker et al. 2013), female labo r s pply (Dinkelman 2011; Grogan 2018) and general 

poverty as meas red by the HDI (Lipscomb et al. 2013). F rther st dies s ggest that the information and 

expos re provided by radio and (in partic lar) television can infl ence a wide range of attit des and 

behavio r (see Olken 2006, La Ferrara et al. 2012, Chong and La Ferrara 2009, Peters and Vance 2011, 

Peters et al. 2014a, Jensen and Oster 2009). As the res lts chain shows health effects from red ced 

ho sehold air poll tion are also possible. However, even if this impact exists, it will be rather small given 

that ho sehold air poll tion is largely ind ced by cooking f els, which are typically not affected by r ral 

electrification interventions in Africa. 

On the level of  u al mic o-ente p ises, vario s effects are possible. In newly connected villages, 

man fact ring firms like carpenters or welders might  se electricity to r n new machinery, shops and 

service firms like hair c tters can  se smaller appliances like fridges, radios or electric hairc tting machines 

to improve services or attract c stomers. Electric lighting can improve processes in all type of companies 

and might lead to an increase in operation ho rs. For remote areas, research has shown that only in few 

cases electricity access in fact is a major bottleneck for firm performance. Most entreprene rs are rather 

limited by the lack of access to markets. Only in exceptional cases, enterprises have the opport nity to sell 

their prod cts on markets beyond their own comm nity. Demand for their prod cts is by and large coming 

from the comm nity itself and th s already sat rated. Accordingly, even if new prod cts can be offered, 

they mostly attract local demand that has to be retracted from other locally offered goods s ch that the 

net effect on local b sinesses is often negligible. As a conseq ence, c stomers may benefit from few new 

locally available prod cts and services, b t prod ctive  se potentials are limited (see for example Peters et 

al. 2011, Peters and Sievert 2016 or Peters et al. 2015). 

For imp oved u ban household connections, the increased convenience and comfort might be ind ced 

thro gh an increase in the  sage intensity of electricity, more reliable service provision, and/or a red ction 

of back- p electricity generation. The latter may additionally trigger energy cost red ctions. More critically, 

improvements of electricity service q ality and reliability may trigger prod ctivity enhancements among 

u ban ente p ises. To capt re these partly intangible impacts, we partic larly rely on approaches to elicit 

willingness-to-pay (WTP), i.e. c stomers are asked how m ch they wo ld be willing to pay to get a well-

defined package of reliable electricity services (cf. Carlsson et al. 2018). Using data from India, Allcott et al. 

(2016) find that prod ctivity losses beca se of freq ent o tages are s btle only, beca se enterprises adapt 

activities and, most notably, beca se enterprises  se generators as back- p. Small enterprises face m ch 

higher losses and hence impacts of service improvements can be expected to be more prono nced here. 

For Africa, Oseni and Pollitt (2015) find that firms engaging in self-generation wo ld have s ffered 

additional 1 to 183 percent o tage losses had they not invested in self-generation. Grainger and Zhang 

(2017) q antify the effects of a 10 percent increase in the d ration of o tages for the case of Pakistan. 

They find an average decrease of 0.14 percent in a firm's total reven e and a 0.36 percent decrease in the 

val e added. Ind stries that are most energy-intensive, s ch as man fact rers of metal, wood, and paper, 

are fo nd to be affected most severely by shortages. Using data of Chinese firms, Fisher-Vanden et al. 

(2015) show that already the threat of shortages affects how firms prod ce. The a thors find that 

especially energy intensive prod ction processes were o tso rced. 

Similarly, only very few st dies exist that exploit variation in electricity expos re at r ral community level, 

where both impacts on ho seholds and enterprises may additionally be st died on a more aggregated 

level. For Africa, the only exceptions are Dinkelman (2011) and Peters et al. (2014b), altho gh the n mber 

of s rveyed villages in the latter is still rather small at 50. O tside of Africa, regional effects are examined 

in Brazil (Lipscomb et al. 2013) and India (R d 2012, van de Walle et al. 2017). 
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Zwart Techniek, in partic lar in the light of the abandoned O&M stage and premat re finalisation of 

the ORIO project. 

Next to doc mentation, interviews were held in the Netherlands with key staff of RVO, TANESCO, 

Zwart Techniek, and Berenschot. F rthermore, TANESCO trainees were interviewed in 2016 and 2017 

while they were trained in mechanical engineering and electronics by Zwart Techniek and their 

partners in the Netherlands and Belgi m. The eval ation team registered data of the 24 trainees and 

cond cted three foc s gro p disc ssions in small workshops  sing str ct red and closed interview 

forms. In late 2018, all 24 trainees were recontacted by telephone by the Department of Economics, 

University of Dar es Salaam.
4
O t of the 24 participants, 23 co ld be traced. O t of these 23, 20 were 

still working with TANESCO, two were retired, while the contract of one engineer was s spended. 

The res lts of the q alitative instit tional assessment are presented in Section 4. 

3.3. Methodology and data of Quantitative Impact Assessment 

The q antitative impact assessment is the basis for the res lts presented in Section 5 and 6. 

3.3.1.Ident f cat on strategy 

A key element of a rigoro s eval ation design is a convincing strategy to empirically identify which 

observed changes are gen ine impacts of the intervention. Beyond the ORIO intervention, which we 

refer to as the treatment in line with eval ation terminology, there are many factors o tside of the 

project‘s control that also ca se changes in impact indicators. These factors may be general market 

trends, economic shocks, weather conditions, and other government or donor programmes. The 

challenge of an impact eval ation approach is th s to filter o t the changes ca sed by these other 

external factors and isolate the changes that can be attrib ted solely to the project activities. 

As can be taken from Table 2, impacts among the fo r beneficiary gro ps are assessed  sing data 

collected at different levels and  sing different identification strategies o tlined in the following. 

Table 2: Methodological app oaches followed fo  the diffe ent beneficia y g oups 

Beneficia y g oup 
Data collected at 

the level of… 
Identification st ategy Main su vey tool 

Willingness-to-

pay analysis 

r ral comm nities str ct red -
difference-in-differences 

r ral ho seholds & r ral ho seholds q estionnaire -

r ral enterprises 

r ral enterprises 
q alitative difference-in-

differences assessment 

semi-str ct red 

q estionnaire 
-

 rban ho seholds  rban ho seholds str ct red x 

 rban enterprises  rban enterprises 
before-after comparison 

q estionnaire x 

For  u al communities and households, the main eval ation approach is a difference-in-differences 

(Diff-in-Diff) approach. Here, the treated  nits will be compared before and after the intervention. 

This first difference is adj sted by s btracting the same before-and-after difference in a control 

gro p. This control gro p is s pposed to mimic (and th s filter o t) the co nterfact al development 

that wo ld materialize in the treatment gro p in absence of the intervention. It thereby helps to 

acco nt for general sec lar changes s ch as improvements of general economic conditions, 

4
Organisation and s pervisor: Dr. Stephen Kirama. Interviews in Swahili cond cted by Ms. Cecilia Mjingo. 

9 



 

                

                 

               

                  

     

               

             

             

              

                

                

               

                

                

                 

              

              

              

              

                     

               

                    

              

             

             

                 

                   

                     

              

               

                

               

              

                 

                  

             

                    

              

                   

             

             

             

                                                 

               

                   

                 

              

technological change, or seasonality. Diff-in-Diff does not req ire the two gro ps to be at the same 

level for a certain indicator at baseline (e.g. income), b t only req ires that changes in this indicator 

wo ld be the same in absence of the treatment. Whether this so-called parallel trend assumpt on 

holds cannot be  ltimately tested, b t the more similar the two gro ps are at the baseline stage, the 

more likely the ass mption holds. 

Both ‘TANESCO sites’ and ‘REA sites’ are treatment comm nities. For the selection of the control 

gro p, we restricted o rselves to comm nities in the ORIO project regions. Recr iting control 

comm nities from o tside the project region wo ld have implied different agric lt ral and climatic 

and th s socio-economic conditions. See next s b-section for more details on the sampling. 

Two types of impacts can be determined. First, the impact on all those ho seholds or comm nities 

that are intended to be treated, irrespective of whether ho seholds act ally connect to the grid or 

not – given that electricity costs are prohibitive for some ho seholds and electrification of the com-

m nities is partly recent, connection rates are below 100 percent. This analysis can be done  sing 

comm nity level and ho sehold level data. The calc lated impact is called the Intent on To Treat (ITT) 

effect. This is the estimated impact of electrification on the comm nity as a whole. It acco nts for 

the (generally stronger) effect on the directly connected ho seholds as well as potential indirect 

effects on non-connected ho seholds. Second, we also assess the impact on those ho seholds that 

are effectively connected in treatment comm nities. This analysis on ho sehold level is called the 

Average Treatment effect on the Treated (ATT). If all ho seholds in electrified comm nities wo ld 

connect to the new grid, ITT and ATT wo ld be the same. However, this is not the case in o r st dy. 

In both cases, the control gro p are all ho seholds in control comm nities.
5 
We thereby notably 

acco nt for the fact that – as will be shown in the empirical analysis in Section 5 – electricity access 

via off-grid solar increased drastically over the project cycle, also in the control comm nities. 

Technically, we explicitly added a n mber of control variables related to individ al socio-economic 

ho sehold characteristics (see Appendix B for technical details of the adopted estimations). 

The challenge with this approach is that, at baseline, one can not foresee who will effectively connect 

to the grid. There is, hence, the risk that only few connected ho seholds are in the final sample. This 

is a problem, since it goes along with a loss in statistical power. While this t rned o t to be less a 

problem in o r case, we also sampled additional connected ho seholds at follow- p, which do bled 

the n mber of connected ho seholds in the sample (see again the next s b-section for sampling). 

The downside to this is that we cannot apply the Diff-in-Diff comparison to these ho seholds, since 

we do not avail of baseline data. Instead, we  se them for a complementary cross-sectional 

Propens ty Score Match ng (PSM) approach. The impact estimate is essentially also an ATT, altho gh 

with stronger ass mptions attached (see again Appendix B). For simplicity, we will call it PSM in the 

following and  se ATT only for the ATT estimate  sing Diff-in-Diff. In s m, we present ITT and ATT 

effects  sing the Diff-in-Diff approach and try to corroborate these findings  sing PSM. 

The n mber of different types of firms is one of the indicators that are elicited at the level of r ral 

comm nities. It is an o tcome indicator for how electrification affects  u al ente p ises and firm 

creation. On top of this, we  se a small n q alitative case st dy approach to probe into impacts on 

firm performance and the relevance of electricity in tackling challenges experienced by r ral 

entreprene rs. In principle, it also follows a Diff-in-Diff techniq e by assessing the firms’ 

performance in treatment and control comm nities before and after the treatment. Different from 

5 
This control gro p can be considered as more appropriate than the non-connected ho seholds in treatment 

comm nities, since the latter gro p is likely less comparable to the connected ho seholds. This has to do with the 

fact that the decision to connect is  s ally driven by certain, partly not well meas rable ho sehold characteristics so 

that these characteristics cannot be controlled for and wo ld th s bias an impact assessment. 
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the str ct red q antitative analysis among r ral ho seholds and comm nities, it does so in a 

q alitative and semi-str ct red flexible manner. This comparison is obvio sly less rob st and more 

prone to different so rces of bias, b t it nonetheless offers insights into how access to electricity 

affects the micro-enterprises’ scope of work. 

For both u ban households and u ban ente p ises, we apply a simple before-after comparison 

among already-connected c stomers. Identifying an appropriate control gro p for this  rban 

intervention was not possible beca se towns of comparable size and a somewhat similar q ality of 

electricity provision did not exist in the region. Towns far away from project towns wo ld have been 

exposed to an  ncontrollable n mber of other changing factors. The before-after comparison 

req ires a stronger ass mption than the Diff-in-Diff in that sec lar changes are not acco nted for. A 

growing local economy, for example, might affect the ho sehold’s income and thereby income-

dependent o tcome variables (e.g. expendit res). We therefore caref lly disc ss changes observed 

in the  rban data and primarily foc s on energy-related indicators for which potential changes can 

more clearly be ascribed to the electricity  pgrading intervention. 

In addition to effects on classical socio-economic indicators like income and employment we also 

anticipated effects on convenience and adaptation costs associated with coping with  nreliable 

electricity. In order to assess this, we approximate the willingness to pay (WTP) for improved 

electricity q ality applying contingent val ation before and after the rehabilitation of the grid (for 

 rban enterprises, the WTP was only elicited after). This approach does not req ire a control gro p. 

The WTP reflects the overall val e that the interviewee assigns to the improved service and th s not 

only incl des economic benefits (e.g. kerosene savings or income generation potentials), b t also 

convenience factors or s bjective sec rity iss es. We obtain the WTP  sing the double bounded 

d chotomous cho ce method. This method asks respondents for a first stated WTP and then confronts 

them with follow- p q estions on whether they are willing to pay a certain higher or lower amo nt 

depending on the first answer. For  rban enterprises, we also assess the WTP econometrically in 

order to ga ge the infl ence of vario s factors, incl ding the type of b siness. For that p rpose, a 

two-part model is performed. This method combines a binary choice model
6 
that estimates the 

probability to observe a positive val e, vers s observing a zero. This is the first part. Conditional on a 

positive val e, an Ordinary Least Sq ares (OLS) regression model is estimated in the second part. 

Compared to a standard one-stage model this two-part approach allows to better acco nt for the 

fact that many enterprises report a WTP of zero, where these zeros can be considered to tr ly reflect 

a zero WTP and not a censored negative WTP. 

Moreover, a willingness-to-accept (WTA) mod le is applied asking for the price at which connected 

ho seholds wo ld accept to give  p the c rrent  nreliable electricity connection. Again, we rely on 

field-tested tools for the form lation of o r WTP and WTA q estions (Whittington, 2002; Kremer et 

al., 2011; Devicienti et al., 2004; Abd llah and Jeanty, 2011; FAO, 2000). 

3.3.2.Data collect on and sample compos t on 

This s b-section describes the sampling and its implementation in the s rveys cond cted in r ral 

areas at comm nity, ho sehold and enterprise level and among  rban ho seholds and enterprises. 

The baseline s rvey took place between November 2014 and Febr ary 2015, and the follow- p 

s rvey took place between November 2018 and Febr ary 2019. The approach was planned d ring an 

6
We chose a probit model (instead of the main alternative of a logit model) beca se it allows to comp te cl ster-

rob st standard errors as well as to adj st res lts for complex s rvey designs (cf. Cameron and Trivedi 2009). 
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inception phase in mid-2014 and was fine-t ned d ring in-co ntry st dy preparation phases prior to 

the two s rvey ro nds (see Fig re 3 for the in-co ntry st dy activities). 

Figu e 3: Evaluation study timeline 

Inception Baseline s rveys Intermediate instit - Follow- p s rveys 

tional assessment 

May 2014 November 2014 - February 2016 November 2018 -

February 2015 February 2019 

Rural survey data 

The sampling for the r ral s rvey was stratified along three dimensions: Districts, s b-villages, and 

ho seholds. Within the three districts – Biharam lo, Ngara, and Mpanda – the comm nities targeted 

by the ORIO intervention were identified, i.e. TANESCO and REA sites. The planned electricity grids 

often covered only parts of villages, which span several kilometres with scattered ho seholds and 

different s b-villages. Abo t fo r s ch s b-villages  s ally make  p a village, each having its own 

administrative str ct re. Comm nity data has therefore been collected at the level of s b-villages. 

Ho seholds have then been sampled within s b-villages. 

Figu e 4: Planned elect icity netwo k a ound Mpanda town 

---- Area radius around township 

Note Scale is 1 : 300,000. The blue li e is the 20km radius arou d the power statio . 

Source TANESCO 

To ill strate this, Fig re 4 shows the area aro nd Mpanda town, represented by the large red sq are 

in the pink circle. The extensions of the grid (red lines) mostly followed the main roads (black lines). 

As can be seen in the cases of Kab ng  in the North, transformers (green/ black circles) co ld be 

placed in m ltiple s b-villages within the same village, s ch as in Kab ng centre and the one hosting 

the secondary school. The s b-villages f rther away from the main road, in contrast, wo ld  s ally 

not get connected. S b-villages were therefore the appropriate level for sampling ho seholds and for 

cond cting interviews at the comm nity level. 
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The selection of the control s b-villages was based on observable characteristics s ch as the 

presence of an economic centre or a primary school, the n mber of inhabitants, and the economic 

str ct re. In addition, they sho ld not be sched led for electrification within the two to three years 

after baseline. Control s b-villages were mostly chosen within the radi s aro nd the  rban centres 

that were planned to be connected. Alternatively, they co ld be located slightly f rther down the 

main roads o tside this radi s. For the exemplary case of Mpanda, the location of treatment and 

control s rvey sites is shown in Fig re A1 in the Appendix. 

In total, 54 TANESCO and REA sites as treatment s b-villages existed at baseline. An additional 46 

control s b-villages were sampled. This reflected the intention to have a balanced baseline sample 

between treatment and control sites. Thereby, a ‘c shion’ of extra control sites was b ilt into the 

sample, since there was the risk that part of the control sites might later get  nexpectedly treated 

thro gh other electrification interventions and th s get lost as controls. In fact, three sites initially 

declared as control sites act ally got electrified. Another 18 sites changed their stat s between 

TANESCO and REA, given that REA took over sites originally planned for TANESCO (as disc ssed in 

Section 2; see also Section 4). The sample event ally comprised 58 treatment and 42 control 

comm nities: since the stat s at follow- p is event ally the relevant one, we  se this stat s to define 

o r treatment (TANESCO and REA) and control  nits for o r analysis (see Table 3). O r s rvey 

thereby covers 30 of the event ally 38 sites electrified by ORIO/ TANESCO. 

Table 3: Sample composition 

Beneficia y g oup TANESCO REA Cont ol Total 

R ral comm nities 30 28 42 100 

R ral ho seholds panel data 191 209 322 722 

baseline only (attritors) 57 49 98 204 

baseline only (replaced) 52 22 - 74 

follow- p only (connected) 89 66 - 155 

total 389 346 420 1155 

Biha amulo Nga a Mpanda Total 

Urban ho seholds total/ panel data 98 77 75 250 

Urban enterprises panel data 88 104 135 327 

follow- p only (newly created) 28 31 59 118 

total 116 135 194 445 

Note The table does  ot report 50 attritors amo g urba  households a d 150 attritors amo g urba  e terprises. 

All 100 s b-village leaders and a random sample of ten ho seholds per s b-village were interviewed 

at baseline, th s leading to a baseline sample of 1000 ho seholds. The sampling within s b-villages 

was facilitated by the fact that lines were  s ally already demarcated by engineers hired by either 

REA or TANESCO. Based on the sketches of the planned electricity grids, ho seholds were randomly 

chosen in a corridor of aro nd 100 metres along these planned lines. In control comm nities, it was 

estimated on the gro nd where a line wo ld be placed if the comm nity was to be connected. This 

wo ld  s ally be along the main road so that the local road infrastr ct re served as a means of 

orientation. F rthermore, ho seholds were selected in approximately eq al intervals (e.g., every 

tenth ho se), depending on the size of the s b-village. 

At follow- p, all comm nities were re-interviewed, b t not all ho seholds. This was, first, d e to 

attrition, i.e. ho seholds that were initially interviewed at baseline co ld not be traced at follow- p 
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(20 percent of baseline ho seholds), often beca se they had left the village. A considerable effort 

was made by the s rvey team to minimize attrition d e to non-traceability.
7 
For each attritor in 

treatment comm nities, a connected ho sehold that was not sampled at baseline was interviewed 

instead. This connected ho sehold was randomly sampled from lists provided by TANESCO. In 

control comm nities, no replacement took place. A second reason for not re-interviewing a 

ho sehold was another replacement proced re adopted to f rther increase the n mber of 

connected ho seholds in the sample: since ho seholds that remained non-connected in treated 

comm nities were less needed for the implementation of o r identification strategy, some of them 

co ld be replaced by connected ho seholds from the same comm nities, again based on the 

TANESCO c stomer list. For these additionally sampled ho seholds, we th s at least availed of 

follow- p data to cond ct cross-sectional analyses (see Section 3.3.1). The replacement proced re 

was defined in a way that also a s fficient n mber of non-connected ho seholds in treatment 

ho seholds remained in the sample in order to be able to shed light on the matter as to why they 

remain  nconnected.
8 
We acco nt for replacement in o r analysis thro gh appropriate sampling 

weights. In total, we observed 204 attritors and replaced 74 non-connected ho seholds in treatment 

comm nities while the event al st dy sample amo nted to 1155 ho seholds (Table 3). 

Beyond s b-village leaders and ho seholds, r ral entreprene rs were sampled p rposively in a way 

that each craft enco ntered was interviewed at least once in order to get a fair impression abo t 

their energy  se and prod ctive electricity  se potentials. R ral entreprene rs t rned o t to be few 

and mostly small shop keepers. In total, aro nd 50 semi-str ct red interviews with r ral 

entreprene rs were cond cted, aro nd 20 of them at follow- p. 

Urban survey data 

For the  rban ho sehold s rvey, 100 ho seholds were interviewed at baseline in each of the three 

towns Ngara, Biharam lo, and Mpanda. Urban neighbo rhoods (or wards) were chosen based on a 

probability proportional to size approach. In each ward one TANESCO c stomer was identified based 

on available c stomer registers. Analogo sly to the r ral ho sehold s rvey, then approximately 

every tenth ho se was selected, conditional on being a TANESCO c stomer as well. Similar to the 

r ral ho sehold s rvey, we observed an attrition rate of 17 percent (50 attriting ho seholds in total). 

These attritors were not replaced by other interviewees. 

Urban enterprises were sampled within  rban wards in a way that eq al n mbers of the three 

enterprise types trade, services, and man fact ring were interviewed. Among 477 firms interviewed 

at baseline, 327 firms co ld be re-interviewed (attrition rate of 31 percent). Main reasons for this 

attrition were people moving o t of town and firms sh tting down. Only two sampled firms did not 

want to participate in the follow- p. For  rban enterprises, we were additionally interested in 

collecting information on newly created firms. For that p rpose, we randomly selected firms from an 

official b siness register, which we restricted to firms created after 2016, so after the intervention 

took place. By doing so we sampled 118 additional enterprises giving  s a total of 445 interviewed 

enterprises in o r sample  sed for the enterprise analysis. 

7 
The threat of bias d e to attrition is tolerable according to the classification methodology by IES (2017), which 

acco nts for overall attrition and differential attrition across treatment and control. We therefore abstain from 

attrition adj stment proced res in o r analysis. 
8 
If the n mber of TANESCO c stomers in a s b-village was smaller than, or eq al to seven, en merators were to 

randomly replace as many non-connected ho seholds as possible. If the n mber of TANESCO c stomers in a given 

s b-village was larger than seven, en merators were to randomly replace only one non-connected ho sehold. The 

ho sehold to be replaced were selected randomly. 

14 



 

   

               

                  

       

               

             

             

             

              

              

             

              

              

 

    

       

               

                

                

               

                 

                 

               

              

              

                   

               

            

                 

                 

               

             

              

           

                 

                

               

           

          

                                                 

                 

                   

                   

              

     

4. Institutional Assessment 

The ORIO programme, as follow- p of its predecessor programme ORET, aimed at the delivery of 

infrastr ct ral services to the p blic sector, b t – in addition to ORET – also aimed at improving the 

operations and maintenance of these services. 

The ORIO project was implemented d ring a period of Tanzanian efforts to come to str ct ral 

reorganisation of the energy sector, sim ltaneo sly to a s bstantial increase of external donor 

f nding for r ral electrification. These context factors infl enced the ORIO project. The s bseq ent 

sections describe these context factors, the main stakeholders, and the Tanzanian policies on 

electrification (Section 4.1). Within that external context, the ORIO project had to be managed 

(Section 4.2), while dealing with a contin o s process of internal reorganisation of TANESCO (Section 

4.3). S bseq ently, the effects on project objectives concerning training (Section 4.4), the provision 

of cleaner electricity (Section 4.5), and operation and maintenance (Section 4.6) are being assessed. 

The premat re finalisation of the project is described at the end of the chapter. 

4.1. Ene gy secto context 

4.1.1. General Tanzan an energy sector context 

Over the last years, Tanzania’s economic growth (7 percent GDP growth per ann m) has o tpaced 

pop lation growth (2.7 percent) and contrib ted to a rapidly increase demand for electricity by its 53 

million inhabitants. The national poverty rate declined from 34.4 percent in 2007 to 28.2 percent in 

2012 and then to 26.8 percent in 2016 (World Bank 2015; World Bank 2019). 

By 2018, one third of all ho seholds and 17 percent of r ral ho seholds were connected to electricity 

(IEA et al. 2019) and the electricity grid reached 4,400 o t of 12,300 villages (Wilson 2018). The 

installed generation capacity in the co ntry amo nted to approximately 1,300 MW at that time (see 

Table 4), with a vast  ntapped potential in different so rces incl ding nat ral gas, geothermic 

energy, and solar. The TANESCO 2018 Tanzania Renewables Portfolio refers to 5,000 MW in geother-

mal energy, 2,600 MW in hydro and 350 MW in solar and wind energy (Wilson 2018; see also RVO 

2018, ch.3 and 8). The electricity generation pattern is s bstantially different from the beginning of 

the cent ry, when most electricity s pply stemmed from state-owned hydropower plants. 

Table 4 also shows that approximately 20 percent of electricity in the off-grid systems is generated by 

diesel engines. A major constraint is the lack of private investment in energy generation and the vast 

distances to cover by the transition and distrib tion grids. High reliance on expensive thermal (diesel, 

increasingly nat ral gas) and emergency generation so rces made the sector financially v lnerable or 

even  nviable, also since electricity tariffs are rather determined by political considerations than on 

economic viability and s stainability. International financiers consider poor sector governance, the 

lack of a creditworthy off-taker, and the lack of cost-reflective tariffs as main reasons for low private 

sector investment in the energy sector (USAID 2018). Others refer to factors like poor planning and 

lack of transparency in bidding proced res (Eberhard et al. 2018) and limited technical and financial 

capacity of indigeno s entreprene rs. Lately, the international donor comm nity has enabled 

Tanzania to progress in transmission and distrib tion grid expansion.
9 

9
The expansion of r ral distrib tion grids, to a large extent implemented by the R ral Electricity Agency (REA) implies 

also higher costs to TANESCO d e to small vol mes of electricity s pplied to more remote areas with a pop lation 

with low p rchasing capacity. On top, not REA, b t TANESCO is responsible for the maintenance to the grid. This 

increases the financial stress, since the marginal costs for maintenance o tpaces by far the marginal increase in 

reven e from electricity sales. 
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The national grid covers the Eastern and Central parts of the co ntry mainly, leaving o t most of the 

other regions partic larly in the West, where district capitals and other important centres are served 

by diesel generators. Overall, power s pply does not meet the increasing demand with significant 

blacko ts and power rationing as obvio s conseq ences. Nevertheless, over the last decade s bstan-

tial progress has been made in the electrification of the co ntry, as indicated in the table below: 

Table 4: Key elect icity data fo  Tanzania 2010-2018 

2010 2018 

Total pop lation (million, estimated) 

Percentage r ral pop lation 

GDP (USD billion) 

GDP per capita (USD) 

Total Grid installed capacity 

Maxim m power demand 

Electricity generation mix 

Electricity imports 

Total off-grid installed capacity 

Off-grid dependence on diesel 

generators 

Electricity cons mption per capita 

Total electricity c stomers 

Electricity connection level 

46 

73 

31.4 

701.6 

851.3 MW 

na 

Hydro: 37%; Gas: 46%; Liq id 

f els: 19%; Others: 8% 

78 MW 

18.9% 

93 kWh 

1.032.000 

28.6% 

(55%  rban; r ral 11%) 

53 

67 

48.2 

1038 

1319.5 MW 

1110.7 MW 

Hydro: 38%; Gas: 49%; Liq id f els: 

11%; Solar/ biomass: 3% 

< 1% (from Kenya, Zambia, Uganda) 

84.2 MW 

18% 

137 kWh 

approx. 2.000.000 

32.8% 

(65.3%  rban; r ral 16.9%) 

Sources: 2010 data: World Ba k (2019), Msya i (2013); 2018 data: Wilso  (2018) 

4.1.2.Ma n pol cy stakeholders 

The sector’s main policy making and coordinating actor in Tanzania is the Ministry of Energy and 

Minerals (MEM). MEM developed the national energy policy and vario s related strategies o tlined 

below, among others related to the role of TANESCO in the Tanzanian electricity sector. To date, 

TANESCO is responsible for generating, transmitting, and distrib ting electricity to all parts of the 

co ntry and operates and maintains both the grid system and vario s off-grid systems, incl ding 

those in the ORIO intervention areas. 

The R ral Energy Agency (REA) is an a tonomo s body  nder MEM, established in 2008, to oversee 

the implementation of electrification projects in r ral areas,  sing the R ral Energy F nd (REF) as 

established by the R ral Energy Act. Both REA and REF are governed by the R ral Energy Board, 

which is composed of delegates from different government agencies and the civil society. The Energy 

and Water Utilities Reg latory A thority (EWURA) is an a tonomo s m lti-sectoral reg latory 

a thority responsible for technical and economic reg lation of the electricity, petrole m, nat ral gas 

and water sectors in Tanzania. 

4.1.3.Energy and electr c ty pol c es 

Energy is among the six National Key Res lts Areas identified in the B g Results Now initiative 

la nched early 2013 with r ral electrification as major foc s. The aim of this initiative was to accele-

rate the achievement of middle-income stat s by 2025 and the transition o t of aid dependency. 

Major instit tional conseq ences for the energy sector were that the energy s pply, transmission 

and distrib tion were no longer the sole concern of TANESCO b t passed thro gh the President’s 

Delivery B rea  (PDB). Parallel, the S stainable Development Goals (2015) made Development 

Partners to move towards the (renewable) energy sector. In Tanzania, Norway, Sweden, DfID, USAID, 
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JICA, AFD and the World Bank intensified their contrib tions to the energy sector. The ORIO project 

was implemented against the backgro nd of the following energy and electricity policies: 

(1) The Nat onal Energy Pol cy, still in draft stat s from 2015, states that energy is one of the 

important pillars to achieve the objectives of the Development Vision 2025 (MEM 2015; URT 

1999). At the time, the government had planned to increase the connectivity level to 50 percent 

by 2025 and 75 percent by 2033. The policies encompass: (i) the elaboration of a R ral Electrifica-

tion Master Plan, (ii) strengthening the instit tional capacity for effective facilitation, administra-

tion and monitoring of modern energy services, (iii) facilitate private sector participation in the 

provision of modern energy services by providing fiscal incentives to both prod cers and  sers, 

(iv) b ild appropriate local capacity for man fact re, installation, maintenance and operation of 

appropriate energy technologies in r ral areas. The policy challenge to achieve this electricity 

expansion rests mainly with REA, while in practice it affects TANESCO, since TANESCO is 

responsible for operating and maintenance of the systems b ilt by REA. 

(2) The Electr c ty Supply Industry Reform Strategy and Roadmap 2014-2025 (ESIR, see MEM 2014) is 

related to the National Energy Policy and follows recommendations made by a series of 

cons ltancy reports. Some of these reports were prod ct of disc ssions in the frame of the 

Energy Working Gro p with the main Development Partners present in the energy sector, s ch 

the World Bank, Norway, DfID, African Development Bank, and Sweden. The ESIR was welcomed 

by Development Partners and translated in an array of new projects to extend the electricity grid 

thro gh s pport to REA. The Roadmap proposes to transition to a retail competition model in a 

staged approach of  nb ndling TANESCO generation, transmission, and distrib tion services to 

be completed in 2025. According to this model, transmission companies wo ld remain  nder 

ownership of the Tanzanian government and facilitate the s pply of electricity from generators 

to distrib tors, both of which wo ld operate as separate p blic or private owned companies. This 

process, however, is stalled as of 2019. The Roadmap also envisages an increase in installed 

power prod cing capacity to 10,000 MW, as well by 2025. The Roadmap f rther indicates the 

provision of reso rces enabling TANESCO to pay off its debt. 

(3) In 2016, the proposal for a major electr c ty tar ff  ncrease dominated the debate in the electricity 

sector. The tariff increase was among the meas res proposed by TANESCO to red ce its high 

debt and to finance increased s pply and maintenance costs, as well as its investment plan. It 

was also a condition set by World Bank to disb rse a USD 250 million loan. TANESCO applied for 

an 18.5 percent average tariff increase and an 8.5 percent increase was approved by EWURA. 

However, even this increase was opposed by (mainly ind strial) cons mers and finally revoked by 

an intervention of the President of the Rep blic, who afterwards sacked the managing director of 

TANESCO. The s bseq ent demotion and firing of several of the  tility's senior exec tives ca sed 

some  pheaval and  ncertainty among TANESCO management and staff.
10 

(4) To implement that Reform Strategy, MEM p blished the Tanzania Power System Management 

Plan (PSMP 2016). According to the PSMP, projects wo ld be developed req iring investments of 

some USD 43 billion by "the government and/or the private sector", b t no meas res were taken 

to allocate more state reso rces to power developments or to attract more private players into 

the sector (Bhati and Koshy 2018).
11 

Private developers were rel ctant to invest given the 

freq ent political interventions in TANESCO and the s pposedly independent reg lator EWURA. 

10 
Information gathered in interviews with D tch stakeholders in 2018 and 2019. 

11 
In their analysis of the PSMP, Bhati and Koshy (2018) also concl ded that demand projections were overly 

optimistic, and that the generation response was thro gh gas-fired and coal-fired electricity s pply with low 

attention to renewable so rces. See also Clyde and Co. (2017). 
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(5) Related to the PSMP 2016, the Electr c ty Sector Re-organ sat on Regulat ons was p blished 

indicating a time sched le  p to 2025, with as first step the  nb ndling of the electricity 

generation, envisaged to be completed by end 2017, followed by the  nb ndling of transmission 

from distrib tion (with EWURA as key actor) in mid-2018. By 2018, TANESCO was still in a take-

off stage, having discontin ed EPPs  pon expiry of their contracts, and government investments 

still foc sed at gas-fired generation. 

4.2. ORIO p oject management 

The overall ORIO project management is sketched in Fig re 5. It primarily rested with the three 

entities in bolder frame: (i) TANESCO – and here the Department for Thermal Generation as the 

formal Tanzanian partner –, (ii) RVO, and (iii) the D tch Ministry of Foreign Affairs (in partic lar the 

S stainable Economic Development Department (DDE)) at a certain distance. 

Figu e 5: O ganisational st uctu e of the ORIO p oject management 

Dutch Minist y of 
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Source: ow  represe tatio  

4.2.1. The Tanzan an electr c ty ut l ty company TANESCO 

In 2011, the Tanzanian req est for s pport thro gh ORIO for delivery of Zwart Techniek generators 

was a ‘reg lar’ req est for s pport by the international donor comm nity. Over time, the increased 

s pport to REA for the expansion of the transmission lines and distrib tion network, also in the 

target districts of the ORIO project, changed the context for the ORIO project. While in 2011, ORIO 

s pport was one of the few s pport programmes to TANESCO, after 2015 it had become one among 

the many international s pport programmes. TANESCO modified its ORIO-related activities 

accordingly, with conseq ences to the  se of the Biharam lo eq ipment and the distrib tion 

network extension. 

TANESCO’s management role encompassed the contracting of constr ction companies (platforms for 

the generators, distrib tion lines), the organisation of trainings (health and sec rity; SME training; 

selection of candidates for training by Zwart Techniek). All these technical tasks were implemented 
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properly, altho gh with some delay (there was a lack of demand for the SME training). For adminis-

trative and reporting tasks to RVO, TANESCO had contracted the services of Berenschot. Berenschot 

was the cons lting partner d ring the development stage with RVO as contracting a thority and a 50 

percent financial contrib tion by TANESCO. For the implementation stage TANESCO contracted 

Berenschot directly. The main p rpose was to s pport TANESCO with reporting.
12 

4.2.2. The Dutch  mplement ng agency RVO 

RVO is an experienced agency entr sted with the implementation of all kind of s bsidy and incentive 

programmes for private sector development on behalf of the D tch government. Contrary to 

development organisations, RVO deals excl sively with commercial partners and hence all activities 

are based on contracts. As is common proced re in RVO, an ORIO desk was established, and specific 

staff was dedicated to the management of the programme. Over time, different RVO experts were in 

charge of the ORIO activities in Tanzania. 

RVO  sed its experience (with ORET and other programmes) to detail the financing conditions and 

reporting criteria. D ring the preparation stage, working gro ps were set  p by Berenschot between 

TANESCO, Zwart Techniek, and the trade attaché in Dar es Salaam, with so nd comm nication to 

RVO. The instit tional environment changed q ickly. Since the Netherlands did not join the energy 

sector working gro p in Tanzania, the embassy was not always f lly acq ainted with the ins and o ts 

of the energy sector in general and of TANESCO in partic lar. Altho gh direct relations existed 

between the embassy and RVO, RVO became dependent on information from third parties (KfW, 

Zwart Techniek). 

4.2.3. The Dutch M n stry of Fore gn Affa rs 

The Ministry of Foreign Affairs had la nched ORIO as s ccessor of the ORET programme with as 

ass med improvement that the s pport was not restricted to the delivery of goods and services, b t 

also incl ded a development and preparation stage, as well as an operation and maintenance phase. 

To the Ministry of Foreign Affairs, the ORIO programme was a s bsidy arrangement with one single 

responsible entity for implementation: RVO. Hence, there is no direct relation between the Ministry 

and the s bsidy  sers (commercial companies) and beneficiaries (in this case, TANESCO). The 

embassy of the Kingdom of the Netherlands in Tanzania is informed and was actively involved. 

After a mid-term review by Carnegie Cons lt (2013) it was precisely this three-staged approach that 

was criticized; the review recommended disentangling these phases in order to enhance innovation 

and competition. Shortly afterwards, in May 2014 the Minister for Foreign Trade and Development 

Co-operation anno nced the discontin ation of ORIO and la nched the s ccessor programmes 

Developmentally Relevant Infrastr ct re Investment Vehicle (DRIVE) for middle-income co ntries 

and Development2B ild (D2B) for the Least Developed Co ntries (Kamerst k 33625, nr.97). 

The Ministry  rged RVO to speed  p implementation. This start was f rther complicated by the fact 

that TANESCO faced problems to make the financial reso rces available to start constr ction works 

at the indicated sites. In J ne 2015, RVO increased the press re by indicating in a letter to the 

Ministry of Finance of Tanzania that the grant wo ld be premat rely discontin ed. On top, the 

s pply of diesel engines co ld hardly be matched with the Ministry of Foreign Affairs’ policy to 

actively promote renewable so rces of energy (Ministry of Foreign Affairs of the Netherlands 2008). 

12 
TANESCO was aware the reporting was not precisely their professional strength and that by contracting Berenschot 

it wo ld be better eq ipped to respond to the D tch req irements and expectations regarding reporting. 
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http:Berenschotdirectly.ThemainpurposewastosupportTANESCOwithreporting.12


 

               

        

                 

              

         

 

   

      

               

              

              

           

                

                

               

               

         

              

              

                

           

                

               

             

                

              

   

 

       

               

                

               

            

              

            

            

              

              

               

              

                                                 

               

                 

                 

TANESCO’s arg ment that old, degenerated engines wo ld be replaced by cleaner ones and the old 

ones wo ld be dismantled was rel ctantly accepted. 

The Ministry of Foreign Affairs was not in favo r of dwelling in a decade-long O&M stage. The 

embassy in Tanzania remained informed b t did not ass me an intermediary role when relations 

between TANESCO and RVO had so red (see Section 4.6). 

4.3. TANESCO ( e-)o ganisation 

4.3.1. Reorgan sat on and the ORIO project 

Since the initial stages of ORIO s pport to the Tanzania r ral electrification programme in 2011, 

TANESCO has gone thro gh a contin o s process of reorganisation. This reorganisation has aimed at 

the modernisation and financial s stainability of electricity services in Tanzania, as expressed in the 

Electricity S pply Ind stry Reform Strategy and Roadmap 2014-2025 (ESIR). 

In 2018, a Parliamentary committee on the mining sector concl ded that the energy ministry was too 

large to be effective and that corr pt practices went  nnoticed. The President decided to split the 

Ministry of Minerals and Energy into two portfolios, each with a separate Minister. The former 

dep ty became Minister for the energy portfolio, responsible for state investments in a cr de oil 

pipeline,  pstream gas developments, state-led electricity-generation projects and donor-backed 

schemes to expand electrification. The step towards improved governance was also meant to deter 

the sharp deterioration of relation with private investors after the 2016 political intervention on 

electricity tariffs (EIU 2019). By late 2018 part of the higher management of TANESCO was moved 

from Dar es Salaam to the official government capital Dodoma. 

The TANESCO reorganisation is of importance for the ORIO project, since it determines (i) the c rrent 

and f t re financial s stainability of the electricity services s pplied, as well as (ii) the f t re 

ownership and operational management of the generators. Both TANESCO staff and RVO programme 

management staff alike flagged
13 
that the reorganisation absorbed a lot of time and attention of the 

organisation, while the transfer of high management to Dodoma did not contrib te to smoothen 

comm nication and governance. 

4.3.2. Decentral sat on and management at d str ct level 

TANESCO has a workforce of approximately 4,900 persons as of 2019. TANESCO is a centralised 

organisation, despite its 23 regional offices (pl s five on Zanzibar) and many district representations. 

At district level there is neither a district b dget nor management of financial reso rces. 
14 
Planning, 

extension of services, technical positions, training, comm nication and other activities are all 

determined at headq arters. There is neither a R ral Electrification Master Plan, nor district level 

electricity management plans, nor district level grid maintenance plans. Maintenance on generators 

is done according to man fact rer’s instr ctions. Whatever is needed for operations and 

maintenance has to be req ested from headq arters, s ch as moment of sh tting down the 

generator for maintenance, and the s pply of cons mables and spare parts. In case financial 

reso rces were exha sted no repair can take place, while cons mables (s ch as filters) are proc red 

according to the maintenance sched les by the man fact rers, which are not always optimal for 

13 
Information gathered in interviews with RVO programme staff (2019) and with trained engineers, 2018. 

14 
Not in terms of b dget management, b t also not in reven e administration. The income capt red from pre-

payment is transferred directly to Dar es Salaam. There is a daily consolidation thro gh the bank system. 
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Tanzanian circ mstances.
15 

At district level there is neither insight in the cost str ct re of the 

eq ipment, nor in the financial efficiency of the eq ipment, nor in the financial feasibility of 

extension of services. 

Referring to the ORIO s pported s pply of generators there are conseq ences for the operations and 

maintenance, as well as s stainability of the generators. The centralisation may affect the q ality of 

maintenance (timing of maintenance, availability of cons mables and spare parts), while the proper 

maintenance of eq ipment is challenged by lack of diagnostic tools
16 
, also beca se there are no 

options to proc re these tools or (additional) cons mables at district level. 

4.4. T aining of TANESCO staff 

In 2011, when the ORIO Training Plan (TANESCO and Berenschot 2011) was elaborated, the 

opport nities for in-ho se training at TANESCO were minor only
17 
, while training was considered an 

important component of the electrification programme in Tanzania, forming part of a broader effort 

to enhance capacities in the electricity sector in Tanzania.
18 
In accordance to the ORIO Training Plan, 

the ORIO project encompassed the following training components: 

 Project Management training. This training by Berenschot and the Management for 

Development Fo ndation (MDF) to two TANESCO officials was completed in 2014. One of the 

two officials retired in 2015, the other official was responsible for thermal electricity generation 

(and in charge for the ORIO project). 

 Health Safety and Environmental Training to all TANESCO staff in Biharam lo, Ngara and 

Mpanda, to be delivered by the TANESCO Department for Safety and the Environment. These 

trainings were delivered as component of TANESCO’s reg lar training programme witho t any 

specific component or f nding from ORIO (Cornelissen 2016). 

 Small B siness Development Training envisaged to approximately 65 entreprene rs per region 

(200 in total) on the prod ctive  se of electricity. The training was planned to be delivered by 

the Moshi University College of Co-operative and B siness St dies (MUCCoBS), contracted and 

organized by TANESCO, while f nded by ORIO. District Managers were involved in the 

identification of companies or entreprene rs in their area that might be interested in s ch a 

training. In practice however, it was hard to identify interested entreprene rs (s rvey res lts 

indicate that the n mber of r ral enterprises is modest, while companies in the  rban areas did 

have experience with electricity (the three generators replaced existing facilities mainly). As of 

May 2018, SME training took place once as a small-scale pilot.
19 

 Operation and Maintenance training to technical staff. This training was initially envisaged for 

six mechanical and two electrical engineers, b t later expanded to three times eight 

15 
TANESCO engineers indicated that certain filters have to be replaced more freq ently than indicated in the 

maintenance sched le. These filters are stocked according to sched le, however. In absence of these filters, these 

are either not replaced in time or ‘creative sol tions’ are applied on the spot. 
16 
Information gathered in interviews with mechanical and electrical technicians, 2018, 2019. 

17 
Since 2014, TANESCO co nts with its own training centre for technical processes, IT, finance and management. 

18 
A consideration to this effort was that the Netherlands envisaged opport nities for private sector development. In 

2016, the Royal Netherlands’ Embassy in Dar-es-Salaam reiterated to consider the energy sector a potential area of 

interest to the D tch private sector. The Ministry of Foreign Affairs allocated 2 million E ro for capacity development 

and energy oversight instit tions. 
19
Information retrieved in interview with RVO programme management, 2019. 

21 

http:AconsiderationtothiseffortwasthattheNetherlandsenvisagedopportunitiesforprivatesectordevelopment.In
http:May2018,SMEtrainingtookplaceonceasasmall-scalepilot.19
http:toenhancecapacitiesintheelectricitysectorinTanzania.18
http:circumstances.15


 

              

             

               

             

              

      

              

                

               

                

                

               

        

                   

                  

                  

              

               

               

   

              

            

                

           
 

   

              

       

 

      

              

                

               

              

                

                

               

               

             

                                                 
 

                 

                 

        

                      

                  

                 

   

                   

              

technicians
20 
not restricted to the three sites. Three trainings in eq ipment by Anglo Belgian 

Corporation (ABC) were organised and delivered by Zwart Techniek in the Netherlands and 

Belgi m in 2016 and 2017. The 24 trainees were selected by the Training Department in 

coordination with the District Managers. The Department made a deliberate choice for mixing 

experienced with yo nger engineers (fo r engineers over 60 years
21 
, ten  nder 40 years, all 

male, mix of hierarchical f nctions). 

In o r assessment, we partic larly foc sed on the effectiveness of the Operation and Maintenance 

training as the key training for the s stainable  se of the ORIO-f nded eq ipment. Based on the 

interviews with the 24 trainees, half of the participants considered that the training met their 

expectations in f ll, while one responded that the training did not meet expectations at all. The 

remainder indicated that expectations were partly met, with the main remark that the time had been 

too short. A few participants criticized that the training involved the  se of analytical and 

meas rement tools not at hand in Tanzania. 

The training did not have an effect in either the position, career or salary of the trainees in TANESCO, 

b t five o t of the 23 respondents were invited to train and inform their direct colleag es who did 

not attend the co rse and /or were sent to other stations to provide assistance in case of operational 

problems with Zwart Techniek generators. Two of these five engineers were given the opport nity 

for f rther (long-term) training (one in Tanzania, one in Bahrein). Among the 20 technicians still 

working for TANESCO, 18 perform d ties directly related to the operations and maintenance of Zwart 

Techniek generators. 

All engineers from Biharam lo, Ngara and Mpanda indicated that the knowledge acq ired cannot be 

applied, since maintenance req irements are negligible, beca se the new eq ipment is  nder 

g arantee and most maintenance is still handled by Zwart Techniek. On top, some of the eq ipment 

is  sed as stand-by only and hence do not req ire freq ent maintenance.
22 
To technicians working 

with older ABC eq ipment, maintenance knowledge is not considered the main bottleneck; the main 

constraint is the internal TANESCO proced res. 

4.5. G eening of TANESCO’s elect icity supply 

The Tanzania Government’s policy doc ments o tlined in Section 4.1 pay attention to the greening 

of energy and electricity s pply and private (foreign) investors are invited to invest in renewables. In 

this context, Tanzania has also developed and adopted a ‘S stainable Energy Action Agenda’ with a 

corresponding investment prospect s (for private investors), as part of the S stainable Energy for All 

(SE4ALL) initiative. The Agenda set targets for 2030 of achieving more than 75 percent access to 

electricity, as well as at least 50 percent of renewable power. Tanzania also receives World Bank 

ESMAP
23 
s pport in the area of renewable energy. The attention for geothermal, solar and wind 

renewables is also based on the tendency that the East Africa’s previo sly predictable rainy seasons 

have become  ncertain d e to climate change, c rtailing o tp t of hydropower plants. 

20 
The training of at least eight technicians were f nded by ORIO reso rces (TANESCO 2016). Since TANESCO also 

p rchased Zwart Techniek eq ipment (incl. training) beyond the ORIO project, the so rces of f nding of the training 

of the 16 other technicians are combined. 
21 
Most likely, to engineers in the age bracket above 60 years, the training was also an ‘award’ for their services. 

22 
Not all ‘cons mables’, s ch as water filters are s itable for Tanzanian circ mstances and have to be replaced prior 

to the moment in the maintenance sched le indicated by Zwart Techniek, res lting in ins fficient stock of these 

spares and cons mables. 
23 
ESMAP is a partnership between the World Bank and 18 partners (incl. the Netherlands) to assist low- and middle-

income co ntries to red ce poverty and boost growth thro gh the provision of renewable energy. 

22 

http:ofenergyandelectricitysupplyandprivate(foreign)investorsareinvitedtoinvestinrenewables.In
http:maintenance.22


 

                

              

                

                

                 

                

             

      

        

        

        

         

         

         

         

       

        

       

        

       

        

        

          

       

               

                 

                 

           

               

               

               

                 

               

                  

               

                                                 

                   

                   

     

               

                

                   

               

               

                   

                     

             

         

       

In practice, a series of smaller renewable projects are all moving thro gh their planning stages (EIU 

2018), Tanzania’s own investment is mainly in gas to power (3,900 MW additional 2014-2025; gas-

fired plants [incl ding two large offshore plants] near Dar es Salaam) and coal (2,900 MW additional 

2014-2025, in partic lar a coal-fired power plant in Mbeya). This investment priority on gas and coal 

is based on the ass med lower costs of these energy so rces and the technical consideration of rapid 

expansion.
24 
In practice, in r ral Tanzania a private sector parallel system is developing: Tanzania is a 

hotspot for the distrib tion of pico-solar lighting prod cts and the development of mobile-based, 

pay-as-yo -go b siness models for solar prod cts. 

The ORIO project was not destined to renewable 

so rces of electricity, since these were not considered 

viable options compared to diesel power plants that 

were preferred for the short time from machine order 

to commissioning, the low initial costs and the delivery 

of q ality power at desired time (see TANESCO 2011c, 

p. 59). However, it did contain the ‘greening’ by 

foc ssing on the replacement of old poll ting 

generators by more f el efficient and cleaner ones. 

Concerning f el efficiency, the generators t rned o t 

to generate lower f el savings than projected by 

TANESCO (TANESCO 2011b). While it was expected 

that the specific f el cons mption (litres per kWh) 

decreases by between 43 and 48 percent, depending 

on the site, act al red ctions amo nted to 15 to 19 

percent. Only for Ngara, inflated baseline f el 

cons mption val es in the original projections can be blamed to have contrib ted to this difference. 

Otherwise, the main reason is that the new generators in fact cons me more than projected. While it 

is beyond the scope of this st dy to disentangle different potential reasons, it co ld possibly be d e 

to f el q ality and local climate conditions (ambient temperat res and h midity).
25 

To f rther red ce f el inefficiency, air poll tion and environmental damage d e to spillage, the Grant 

Agreement contract between the Government of Tanzania and RVO for the  tilisation of the ORIO 

reso rces f rthermore foresaw the dismantling of the old generators. An amo nt of EUR 90,000 had 

been set aside to that end (see also TANESCO 2011e, p.40). In 2016, TANESCO headq arters was firm 

in its position that dismantling wo ld take place once the new generators wo ld be operative
26 
, 

while the disposal of the generators wo ld be contracted o t (tender). As of late 2018, of the eight 

old generators, fo r serve for spare parts, one remained as (an effectively non- sed) stand-by service 

24 
Bhati and Koshy (2018) indicate that the ass med higher costs of renewables in Tanzania are mainly d e to the 

cost of distrib tion of renewable energy (DRE), b t that mod lar technology options for DRE res lt in a viable option 

in terms of costs. 
25 

Information received in email exchange with Zwart Techniek, 2019. Zwart Techniek ass mes that lack of 

appropriate operation and maintenance may play a role as well, altho gh Zwart Techniek catered for maintenance 

d ring the first year of operation. For Ngara and Biharam lo, low load r nning can also be a contrib ting factor. 

Finally, meas rement problems or f el s pply inconsistencies may theoretically also play a role. However, note that 

TANESCO  ses simple diesel (Gas Oil) with the new generators instead of Ind strial Diesel Oil (IDO)  sed before and 

ass med to be  sed by the ORIO generators as well (TANESCO 2011c). IDO is a blend of heavy f el oil and diesel and 

has a lower heating val e per ton (cf. SenterNovem 2004, p.7) and, hence, also per litre (for being heavier). The f el 

 se sho ld th s have rather improved the efficiency in kWh per litre. 
26 
Information received in interviews with TANESCO, 2016. 

Figu e 6: Old diesel gene ato  at Nga a 
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and three were transported to other areas to serve – at least as a bridging sol tion
27 
– for local 

electricity s pply in Inyonga, Mdaba, and T nd r .
28 

The relocation and dismantling of the old 

generators has been s bject of conversation and correspondence between RVO and TANESCO staff 

d ring vario s occasions, also given the relatively high costs of relocating the generators. 

A positive side-effect was that the disc ssions abo t renewable energy in the context of ORIO 

contrib ted to awareness of Zwart Techniek that the international (donor) comm nity had become 

rel ctant to diesel engines (part of their portfolio is f nded by development donors). In conse-

q ence, Zwart Techniek intensified its research and development in the combination of solar and 

diesel, adapted to ‘harsh’ conditions and operating witho t batteries. Zwart Techniek is now among 

the ind stry’s leaders in ‘context meas rement’ data knowledge and application for the practical 

operation of combined generation systems.
29 
A first combined system was installed in Tanzania. 

4.6. Ope ations and Maintenance phase 

In the proposal for the Tanzania r ral electrification project it was stated the electricity s pply by the 

mini-grid systems in the medi m and long term was challenged by the lack of adeq ate cons mables 

and spares, as well as flaws in the technical knowledge on how to cond ct and finance ‘second level’ 

repairs (repairs that cannot be cond cted by TANESCO staff and for which external expertise is 

req ired). The ORIO project encompassed an Operation and Maintenance phase that was to follow 

the implementation phase. In its original design laid o t in Mwantinda et al. (2011), this phase wo ld 

cover a period of 30 years. ORIO wo ld be co-financier of maintenance costs in the first 10 years. The 

establishment of a F nd for contracted (larger) maintenance of the electricity stations at Mpanda, 

Ngara and Biharam lo as well as the distrib tion network realised by the ORIO project was 

envisaged. It wo ld cover the so-called level two maintenance activities. To that end the Tanzanian 

Ministry of Finance and Economic Affairs had iss ed a draft commitment for 50 percent of the costs 

to complement the ORIO financial contrib tion.
30 

Since Zwart Techniek delivered other generators of the same kind (‘ABC generators’) prior to and 

parallel to the ORIO project and since the electricity transmission and distrib tion network expanded 

rapidly as a res lt of intensified efforts to electrify r ral areas in Tanzania, it was not realistic to 

separate the ORIO project delivered engines and network from the general system. In 2016, the 

O&M concept was modified and extended to ABC generators and connected distrib tion networks in 

general.
31 
RVO shared Berenschot’s view

32 
that maintenance had to be perceived in a long-term 

perspective in order to contrib te to d rability and that the emphasis of that level two maintenance 

27 
This co ld be witnessed with one old generator from Ngara, which was relocated to Mdaba in R v ma region in 

So thern Tanzania, where it served from December 2017 till October 2018. The distrib tion grid was already in place 

there b t a generation facility or transmission grid connection was lacking. Now, the place is connected to the 

national grid via the Makambako - Songea line and the old generator will likely be dismantled together with other old 

generators that have become idle beca se of this new transmission line (namely in Songea, Mbinga, L dewa, and 

Namt mbo). 
28 
Information received in interviews with TANESCO, 2018. 

29 
Information gathered in Interview with Zwart Techniek, 2019. 

30 
Note that ORIO was –  nlike its predecessor programme ORET –  ntied aid, b t the OECD concessionality criterion 

still had to be taken into consideration. TANESCO’s own contrib tion was of importance to remain within the 

conditionality restrictions. 
31 

According to Zwart Techniek (interview 2019), there were approximately 30 Zwart Techniek generators in 

operation by 2019: 8 prior to ORIO, 6 with ORIO and some 15 generators were installed afterwards (not all to 

TANESCO, b t also to private owners). 
32 
Information retrieved in interviews with Berenschot in 2016 and 2019, and RVO in 2019. 

24 

http:general.31
http:tocomplementtheORIOfinancialcontribution.30
http:operationofcombinedgenerationsystems.29
http:Tunduru.28


 

                

                  

                 

               

                  

                 

                 

                

            

                

             

              

              

               

               

        

               

                 

               

               

             

                

                

               

                

               

                

                

                  

            

                 

       

                

                

              

                                                 

          

               

                     

                   

                  

                 
 
 

                 

               

            

                 

              

sho ld not be expected in the first years, b t precisely in later years. However, all stakeholders 

involved lacked a clear view on how this O&M phase co ld be defined and made operational. 

In 2014, when the development stage of the project was still ongoing, the Ministry of Foreign Affairs 

observed that preparation took more time than expected and that the implementation stage had to 

start as soon as possible, this also in the light of b dget availability. This position was f rther stressed 

by the formal finalization of the ORIO programme in 2015. Prior to having clarified the O&M phase, 

the arrangement with Zwart Techniek for the delivery of the generator sets was set in motion, as 

were the constr ction of the installation platforms in Tanzania as well as the contracting for the 

distrib tion networks with the national companies NAMIS Corporate (Biharam lo and Ngara) and 

Nak roi Investment Company (Mpanda) for in total 166 km of medi m voltage lines (33kV); 44km of 

low voltage lines and the constr ction and technical installation of 44 s bstations. 

TANESCO was responsible for constr cting the platforms and fencing at the plant sites. When 

financial reso rces happened to be not available to that end, RVO considered a premat re 

discontin ation mid-2015, b t tendering of the constr ction of the platforms was set in motion soon 

afterwards. In the meantime, the commissioning of the power plants by Zwart Techniek had taken 

place already by the end of 2014. 

The ass mption was that when all contracting proced res wo ld have been finalised, also a final 

O&M proposal wo ld be ready (2015).
33 
If ORIO wo ld contrib te with EUR 6 million, this wo ld have 

req ired EUR 6 million in co nterpart f nds as well, and altho gh TANESCO had signed a 

commitment to that end, it faced serio s financial constraints at the time. No proced res abo t 

management and drawing rights of these f nds had been elaborated (Cornelissen 2016). 

In this context of the fragile financial position of Tanesco RVO was rel ctant to accept TANESCO’s 

proposal to sec re the f nding needed for the O&M phase o t of its operational b dget. 

Another  ncertain factor was how to p t the maintenance component in the market, in partic lar 

the soft components
34 

RVO is a contract management agency and the O&M stage had to be 

contracted o t. Any commercial company that ass mes the s pport to the O&M stage needs a 

g arantee that the co nterpart (TANESCO) has capacity to pay for its share to the services. Altho gh 

banks are willing to provide b yer’s credit
35 
to governments, (if and when covered by an export 

g arantee, in this case by Atradi s)  s ally this is for a period of maxim m three years only and 

preferably for ‘hardware’ components, not for soft components like training.
36 

The envisaged 

d ration of the O&M stage played a more important role than the soft components, since the latter 

was rather small in this project. 

In the meantime, in 2015, TANESCO had la nched a framework contract to s ppliers for spare parts, 

and for technical assistance. Among the spare parts contracts awarded for a period of three years, 

one was with Zwart Techniek (period 2016-2018).
37 

According to RVO this tender was never 

33 
Information retrieved in interview with RVO programme management, 2019. 

34 
This  ncertainty was not excl sive to this project b t refers to vario s ORIO projects. 

35 
B yer‘s credit is a short term credit available to an importer (b yer) from overseas lenders s ch as banks for goods 

they are importing. The overseas banks  s ally lend the importer (b yer) based on the letter of comfort (a bank 

g arantee) iss ed by the importer's bank. The d ration of b yer's credit may vary from co ntry to co ntry, b t 

 s ally does not exceed one year for tradeable goods and three years if the import is for capital goods. 
36 

Information gathered in Interview with ORIO programme management, 2019. On top, RVO had to take into 

acco nt the debt s stainability threshold according to the IMF debt s stainability assessments, for which the 

condition is that the grant component meets the concessionality criterion (OECD). 
37 

TANESCO’s benefit wo ld be in order spare parts directly from Zwart Techniek witho t passing thro gh a 

competitive bidding process and / or avoiding acc m lation of  n sed stock at TANESCO wareho ses. 
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comm nicated to RVO. To RVO it was a concern that the ORIO generators were delivered with a 

warranty covering a one-year s pply of cons mables and spares, 
38 
ass ming f ll  tilisation of the 

generators. Since some generators were  sed for stand-by only, the s pply of spares wo ld last for a 

longer period. Despite this g arantee (and the framework contract), TANESCO’s estimates of the 

req ired spare parts for the O&M phase were extraordinarily high.
39 

Late 2016, a new proposal had been elaborated for the O&M phase. This new proposal basically 

referred to the proc rement of spare parts d ring a fo r year period after completion of the ongoing 

spare part programme with Zwart Techniek ( p to 2018), as well as the dismantling of the old 

generators.
40 
According to the ORIO grant arrangement, the f nds sho ld not be  sed for operational 

expendit res. For operations and maintenance this was a complicating restriction to the design and 

in fact ‘invited’ to consider spare parts mainly.
41 
After the presentation of a third draft in 2017 (see 

TANESCO 2017), RVO reacted with a formal rejection. Afterwards, no final proposal was presented. 

4.7. A p ematu e finalisation and p og amme const aints 

Over time, the initially so nd and smooth relations among the stakeholders concerned so red d e to 

an acc m lation of m t al irritations leading to a grad al erosion of tr st and confidence. 

TANESCO, Zwart Techniek and to a lesser extent Berenschot consider the rotation and change of staff 

at RVO contrib ted to a deterioration of m t al tr st. To q ote a remark by a TANESCO district 

manager: “RVO considers the contracts as critical factor, we the contacts”. According to TANESCO, 

RVO showed little sensitivity for the changing environment and the political press re in Tanzania, 

while RVO arg ed to have been open and flexible to that context. 

Over time, RVO’s irritations increased with TANESCO and encompassed grad ally Zwart Techniek as 

well To RVO, the major point was the late – or no – information from TANESCO abo t developments 

affecting directly or indirectly the ORIO programmes, s ch as the KfW f nding enabling the extension 

of the national grid in the Biharam lo and Ngara regions. To RVO, the concern was not abo t the 

new extension, b t abo t the lack of comm nication and information. In fact, RVO was in favo r of 

changing locations to areas lacking electricity, so the generators co ld operate at f ll capacity and 

not as back- p or stand-by (Biharam lo). B t to TANESCO this was not possible in terms of works 

already contracted and politically not feasible.
42 

A rather ongoing iss e was abo t the dismantling of the old generators. The objective of the new 

generators was to replace the old poll ting ones and financial reso rces had been set aside to that 

end. TANESCO indicated freq ently to dismantle the old machines b t postponed the moment to do 

so contin o sly and even started to transport some old generators to other locations at a high cost, 

witho t informing RVO abo t this alternative  se. 
43 
RVO felt that TANESCO did no longer consider 

38 
Information retrieved in interview with RVO programme management, 2019. 

39 
In the vario s proposals elaborated by TANESCO the req ired b dget always s mmed to the maxim m amo nt 

available for the O&M phase. 
40 

TANESCO p t the dismantling  nder the O&M phase in order to b y time since the old generators still had 

operational f nctions. 
41 

Neither TANESCO nor RVO explored alternative options, s ch as s pply of meas rement tools for the ABC 

eq ipment, and /or the str ct ral improvement of the in-ho se training (facilities and co rse delivery, scholarships). 
42 
TANESCO had contracted constr ction works for new platforms and fencing at Biharam lo station. The north-west 

area of Tanzania is the constit ency area of the President. 
43 
So rce: RVO in comment on draft report, 2019. 
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the dismantling as part of the Grant Agreement, aggravated when TANESCO inserted the dismantling 

as component of the O&M stage (2017). 

At terms of financial administration there were differences as well. . Since part of the reso rces for 

the network extension had been  sed – at the req est of TANESCO – to cover additional costs for the 

implementation of the Biharam lo and Ngara works, later payments for the extension of the 

distrib tion network co ld not be f lly compensated by ORIO. RVO’s ded ction of the previo s costs 

ca sed serio s problems to TANESCO, ca sing feelings of discomfort. 

In three instances, the b dget proposal for the O&M phase (in RVO’s view three times higher than 

the real req irement), was “the straw that broke the camel's back”.
44 

After RVO had rejected 

TANESCO’s b dget proposal for the O&M phase, TANESCO ref sed to re-elaborate the progress 

report. RVO called  pon the embassy in Dar es Salaam to intermediate between the parties. 

Altho gh the embassy initially agreed to do so, later it preferred to avoid a confrontational 

disc ssion. RVO concl ded that it wo ld be better to end the relationship. As indicated by RVO: 

“both parties regained their freedom”. 

In the view of the eval ators, the relations between TANESCO and RVO deteriorated d e to lack of 

 nderstanding of each other’s interests, responsibilities and contract al obligations
45 
. Since the 

Netherlands,  nless its interests in the energy sector in Tanzania, did not join the energy sector 

working gro p in the co ntry, information abo t new developments and positions were 

comm nicated to RVO by third parties. TANESCO did not take initiatives to inform RVO timely. RVO 

may have  nderestimated that TANESCO was s bject to a contin o s reorganisation process and 

s bject to political infl ences, while RVO’s position – as intermediary – with contracts with 

commercial companies – was possibly not well  nderstood by TANESCO (RVO is not a development 

agency, as most of TANESCO’s partners). Intermediation by the embassy was req ested at a rather 

late moment in time. . Altho gh the req est for intermediation by the Netherlands’ embassy was a 

logical step, RVO co ld have opted for an independent negotiator (for example the chair of the 

Energy Sector Working Gro p) at a m ch earlier stage. 

The dismantling of the old generators was an ongoing s bject of debate between TANESCO and RVO. 

In a closed and static environment, the ass mption that the replacement of old machines makes 

these s perfl o s and hence ready to be dismantled is logic, b t in a dynamic environment with a 

rapid expansion of r ral electrification and press re to set  p mini-grids, the demand for generators 

is larger. While TANESCO decided to transport some of these generators at a high cost in RVO’s view, 

it wo ld have been more efficient to transport a new generator from Biharam lo
46 
. In the medi m 

term it is not in TANESCO’s interest to keep inefficient generators (so they will be taken o t anyhow) 

and, it is q estionable whether the dismantling of the old generators wo ld have contrib ted more 

to development than their contin ed operation. 

The O&M phase did not materialize, implying that one of the objectives of the ORIO programme was 

not achieved: maintenance and s stainability have not been anchored better as compared to the 

predecessor programme ORET. In part this is d e to an omission in the design of ORIO, since it 

remained  nsolved how to arrange for a maintenance stage thro gh a private sector arrangement, 

while the grant arrangement establishes that no operational costs can be covered by the ORIO 

44 
So rce: RVO in comment on draft report, 2019. 

45 
In its comments on the draft report, RVO indicated to disagree with this view and that RVO had been open and has 

showed flexibility. In view of RVO the cr cial iss e was the lack of com nication and information 
46 
So rce: RVO in comment on draft report, 2019. 
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s bsidy. RVO experienced the grant agreement (“schenkings arrangement”) increasingly as a 

straightjacket in the management of ORIO, restricting its flexibility to adapt to circ mstances. 

From the perspective of private sector development, the ORIO project did contrib te to a 

strengthened position of a D tch company in the electricity market in Tanzania and beyond. 

Altho gh Zwart Techniek had already delivered generators to p blic and private clients in Tanzania, 

the ORIO project did contrib te to the presence of the company, as expressed by delivery of at least 

15 generators afterwards (2018). The preference for the D tch eq ipment did not remain  nnoticed 

in other African co ntries, like B r ndi, Mali and So th Africa, where sales increased as well. 

The o tp ts and intermediate o tcomes of the ORIO intervention and its three core activities of the 

implementation phase are s mmarized in Box 4. 
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Box 4: Summa y of key output and inte mediate outcome indicato s of the ORIO inte vention 

» 
Output and 

Inte mediate 

Outcomes 

» O tcomes » ORIO 

intervention 

Impact 

and 

Cost-Benefit 

Replacement of old diesel gene ato s by new models 

• total generator capacity in the three towns increased by 90 

percent (from aro nd 4 MW* to 7.5 MW) 

• two sets of two generators each serve as back- p facilities in 

Biharam lo and Ngara as the towns are now connected to the 

central grid 

• the generators in Mpanda as main electricity so rce r nning 98.8 

percent of the time since they went online in mid-2017, leading to 

an increase in electricity prod ction by abo t 25% there 

• mean ho rs r n per generator and month of 150 (Biharam lo and 

Ngara**), and 720 (Mpanda), compared to an expected 610 ho rs 

• total electricity prod ction of 15 mio. kWh per year 

• generator efficiency in terms of litres/ kWh improved by 15 to 19% 

(compared to an expected 43 to 48% improvement) 

• old generators have not yet been dismantled b t are rather 

dismantled piecewise by serving as spare parts stock for other 

generator-r n TANESCO sites or as short-term electricity so rce in 

other off-grid areas 

G id extension to  u al a eas a ound the towns 

• in line with planned fig res, the project installed 171 km of 33 kV 

lines, 50 km of low voltage lines as well as a total of 42 s b-

stations (planned fig res were 171 km, 44 km, and 44 s b-

stations, respectively) 

• in line with planning, REA s bsidized ho sehold connections at a 

rate eq ivalent to the val e added tax of 18 percent on the  s al 

connection charges; the s bsidy was available for abo t two years 

after the respective comm nity was electrified, b t not later than 

end of 2018 

Complementa y t ainings and technical assistance 

• TANESCO trainings occ rred in line with planning 

» 24 staff members in O&M training 

» 66 staff members in health, safety and environment 

training 

» 2 head office staff in project management training 

• Only a pilot training to a small n mber of enterprises cond cted 

Note  * The baseli e total ge erator capacity is determi ed based o  the maximum sustai ed load of the i dividual 

ge erators as i dicated i  the mo thly Power Statio  Reports prepared at each of the three sites. It is clearly higher tha  the 

2.2 MW co sidered as available capacity (as of 2009) i  the project desig  phase accordi g to the calculatio s u derlyi g 

TANESCO (2011b). ** The Ngara value refers to the time si ce co  ectio  to the ce tral grid i  April 2018. Before that, the 

average i  Ngara was 400 h, which is lower tha  i  Mpa da, si ce ofte times o ly o e of the two ge erators was lit due to 

lower power dema d i  Ngara. 

Sources  Mo thly Power Statio  Reports for the three sites for the years 2014 to 2019; ORIO I dicator Framework; I terviews 

with TANESCO headquarter a d district offices, 2018; I terviews with village represe tatives, 2018 
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5. Impact  esults fo  u al inte vention a eas 

This section disc sses the impacts of the ORIO project beneficiaries in r ral areas aro nd the three 

towns Biharam lo, Ngara and Mpanda. As disc ssed in the previo s sections, two major 

developments occ rred that had a bearing on the attrib tability of impacts to the ORIO intervention. 

First, REA electrified additional comm nities in the intervention areas. These REA comm nities have 

also been incl ded in this st dy. We will not discern between them and those comm nities where 

connections were f nded completely by the ORIO project, the TANESCO commun t es. We do so 

beca se the act al implementation was basically the same in the two types of comm nities (only 

some technical components s ch as poles might have been of different, pres mably higher q ality in 

TANESCO comm nities), and since we gain statistical power by pooling the two types of comm nities 

in the analysis. While impacts can be ass med to be  niform across the two types of comm nities, 

the later attrib tion of impacts to the ORIO intervention needs to take into acco nt that REA can be 

credited for part of these impacts in the REA comm nities. 

Secondly, Biharam lo and Ngara were connected to the central national grid. Accordingly, part of the 

potentially observed impacts for those intervention areas wo ld need to be attrib ted to the 

electricity centrally provided by TANESCO. We will disc ss attrib tion in Section 7 and now look at 

the aggregate impacts of the changed electricity s pply in the intervention areas, irrespective of 

these two developments. Accordingly, we will only selectively disting ish between TANESCO and REA 

comm nities (notably in the following descriptive backgro nd chapter 5.1) and between the three 

district town regions. 

5.1. Community and household p ofile 

In this section, we briefly present basic comm nity-level data that portray the baseline livelihood in 

the three r ral s b-gro ps, TANESCO, REA, and control comm nities. This helps to scr tinize the key 

ass mption of o r identification approach: the comparability of the treatment gro ps (TANESCO and 

REA) and control gro p. 
47 
The baseline data also represents the yardstick from which to determine 

effects in o r o tcome and impact indicators in the following s b-chapters. If the backgro nd indica-

tors experienced major changes between baseline and follow- p, these are additionally disc ssed. 

Note that both TANESCO and REA s b-villages are not entirely covered by the new electricity grids. 

Elected s b-village leaders as comm nity representatives estimated at follow- p that three-fo rth of 

non-connected ho seholds in their s b-villages are located too far from the grid to be able to 

connect. Since this was foreseen, not the entire s b-villages were sampled at baseline b t only 

ho seholds in a corridor along the planned lines (see Section 3.3.2). We nevertheless present s b-

village data in the following, given s b-villages are the lowest administrative  nit in r ral Tanzania. 

Table 5 shows demographic statistics and additional data on basic physical infrastr ct re of the 

sampled s b-villages at baseline. These val es are again self-reported by comm nity representatives 

who  s ally do not avail of s b-village specific statistics. The n mbers sho ld therefore be taken with 

a pinch of salt. In general, the control gro p does not differ considerably from the two treatment 

gro ps. In partic lar, the availability of social infrastr ct re is very similar. Among others, we see that 

almost all s b-villages have access to some sort of school in their village. Availability of a mobile 

phone network was almost  niversal for all comm nities at baseline, while all interviewed 

comm nities at follow- p stated that mobile phone network is available in their comm nity (follow-

 p val es not shown in the table). 

47 
We redo this exercise from the baseline report (Bensch et al. 2017) also considering the changes in gro p stat s 

that happened between baseline and follow- p (see Section 2). 
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With pop lation sizes of on average over 1000 inhabitants, s b-villages are already fairly large r ral 

agglomerations. While the treatment comm nities seem to be slightly larger in terms of pop lation 

size, this difference is far from statistically significant. This can be taken from the p-val e in the very 

right col mn of Table 5, which is clearly above 0.1, which is generally considered a threshold 

indicating statistical significance once it is  nderc t. The major difference is the distance to the main 

road, which is ro ghly do ble for control comm nities. This difference is significant at the one 

percent significance level. Relatedly, the relationship between accessibility to the main road d ring 

rainy season and whether a comm nity is in the treatment or control gro p is significant. The 

following has to be noted, tho gh: while the distance to the next road is larger for control 

comm nities, this may not be the case for the distance to the district capital cities, a similarly 

important locational factor. The map of Mpanda in Fig re A1 in the Appendix, for example, makes 

clear that control comm nities are closer to Mpanda town than treatment comm nities, despite 

being f rther away from main roads. 

Table 5: Community demog aphics and basic physical inf ast uctu e available to the communities at baseline 

TANESCO REA Cont ol 
TANESCO & REA 

vs. Cont ol 

p-val e 

N mber of comm nities (s b-villages) 30 28 42 

Average pop lation per sampled comm nity 1298 

(1483) 

1252 

(1400) 

1077 

(1022) 

0.44 

Social infrastr ct re primary schools 97 96 95 0.74 

in the village, in % secondary schools 37 43 33 0.52 

any schools 97 96 100 0.22 

dispensaries 53 54 43 0.30 

health centres 3 7 12 0.22 

religio s b ildings 87 89 86 0.75 
#

Financial services in formal banking

comm nity, in % informal banking 

10 

53 

11 

82 

0 

62 

0.03** 

0.58 

Distance from main 

road, in km 

3.2 

(4.1) 

2.9 

(4.9) 

6 

(5.9) 

0.01*** 

Accessibility to main good 33 57 21 0.03** 

road d ring rainy average 50 29 50 

season, in % possible with diffic lties 17 14 21 

possible in case of emergency 0 0 7 

Mobile phone network is available, in % 97 100 95 0.38 

Mobile phone good 40 71 33 0.16 

network q ality, in % medi m 33 21 36 

bad 23 7 26 

Note  
#
Formal ba ki g refers to commercial ba ks a d micro-fi a ce i stitutio s, i formal ba ki g are savi g groups, mo ey 

2
le ders, or mobile ba ki g age ts. Sta dard deviatio s i  brackets. p-values refer to two-sided t-tests (a d chi tests for 

categorical variables) o  differe ce i  mea s betwee  treatme t (TANESCO & REA pooled) a d co trol. Asterisks represe t 

differe ces that are statistically sig ifica t at the 10 (*), 5 (**), a d 1 (***) perce t level. 

Source  If  ot me tio ed otherwise, all data prese ted i  this sectio  refers to the baseli e a d follow-up data collected i  

the co text of this study (see Sectio  3.3.2). 

In addition to the comm nity-level data, ho sehold-level baseline data on socio-economic charac-

teristics help to portray o r st dy sample. This information is presented in Table 6. For the p rpose 

of o r st dy, we adopt a common working definition of a ho sehold as a gro p of individ als who 

live in the same ho se. These individ als pool their reso rces together to meet their basic needs 

 nder the a thority of a single person, called the head of the household. O r sample incl des 1000 

(879) r ral ho seholds with a total of 5,644 (5,402) members in 2014 (2018). The average share of 

children  nder seven years was 22 percent, which decreased over time to 18 percent, while 
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ho sehold size and the proportion of female-headed ho seholds increased over time (ho sehold size 

from an average of 5.7 in 2014 to 6.2 in 2018, follow- p val es again not shown in the table). We see 

the same trend for all variables when differentiating between control and treatment gro ps. 

Virt ally all ho seholds engage in land c ltivation. Agric lt re is the main so rce of income for most 

of the sampled ho sehold heads, more so in control than in treatment ho seholds. Generally, we 

observe an increasing trend in other market activities and decreasing trends in land c ltivation and 

livestock ownership, b t farming remains the dominant so rce of income. Note that ho sehold size, 

sex of the ho sehold head, and the share of children below seven years old are very similar for 

treatment and control comm nities in 2014, s ggesting that the two gro ps of comm nities are 

comparable along these demographic dimensions. Still, statistically significant differences can be 

observed for the age of the ho sehold head and whether s/he is engaged in farming. 

Table 6: Household desc iptive baseline statistics 

TANESCO REA Cont ol 
TANESCO & REA 

vs. Cont ol 

p-value 

N mber of ho seholds 

Ho sehold characteristics 

300 280 420 

Ho sehold size 5.7 5.6 5.7 0.98 

(2.4) (2.4) (2.6) 

Age of ho sehold head 43.6 42.4 41.5 0.08* 

(13.8) (13.1) (12.8) 

Female ho sehold head, in % 10 11 9 0.51 

Share of children 0-6, in % 22 21 23 0.16 

Ho sehold head is farmer, in % 85 82 91 0.00*** 

Share of expendit re categories in 
#

ann al core expendit re , in % 

Food 69 65 71 0.00*** 

Water 2 2 2 0.45 

Telecomm nication 10 11 10 0.17 

Schooling 8 9 6 0.00*** 

Ann al non-energy core expendit res, 1,546,840 1,615,340 1,546,760 0.67 

in TSh (1,252,090) (1,269,870) (1,173,930) 

Ann al core expendit res, in TSh 1,708,470 1,782,820 1,710,470 0.68 

(1,351,960) (1,335,600) (1,235,690) 

Perception of ho sehold’s income, in % 

S fficient 12 15 14 0.63 

Tight 40 39 33 0.05** 

Ins fficient 48 46 53 0.11 

Ho sehold agric lt re, in % 

Landowners witho t title 75 88 80 0.72 

Keep livestock 67 67 69 0.43 

Ho sehold c ltivates land 98 97 98 0.85 

Ho sehold asset ownership 

Savings acco nt in bank or saving 

association, in % 
25 36 18 0.00*** 

N mber of rooms 3.3 3.6 3.3 0.13 

(1.5) (1.5) (1.7) 

Bicycle, in % 63 58 65 0.20 

Motorcycle, in % 18 24 15 0.02** 

Car, in % 2 4 1 0.06* 

Note  
# 
Core expe ditures i clude food, water, telecommu icatio , schooli g, traditio al e ergy a d electricity. Expe ditures 

do  ot cover auto-co sumptio . E ergy a d electricity expe ditures are covered i  the  ext chapter. Sta dard deviatio s i  

brackets. p-values refer to two-sided t-tests o  differe ce i  mea s betwee  treatme t (TANESCO & REA pooled) a d 

co trol. Asterisks represe t differe ces that are statistically sig ifica t at the 10 (*), 5(**) a d 1(***) perce t level. 
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The table f rthermore lists core expendit re categories, a s bjective indicator on the income 

sit ation and main non-electric ho sehold assets (electric assets being disc ssed in the next section). 

The clearly largest expendit re item is food, showing also a significant difference between treatment 

and control sites. Treatment ho seholds tend to be slightly more satisfied with their income, yet 

even in these gro ps ro ghly half of the ho seholds considered their income to be ins fficient. 

Overall, we can say that ho seholds s bjectively felt less satisfied in 2018 than in 2014. At baseline 

there was a significant difference between the control and treatment gro p in ownership of saving 

acco nts and cars. Motorcycle ownership increased over time – abo t 29 percent owned at least one 

motorcycle in 2018, compared to 15 percent in 2014. In contrast, car ownership remains rare. 

The res lts indicate that a n mber of key variables differ between sites selected for electrification 

and those that remained non-electrified. It is not s rprising that despite the caref l selection of 

control sites s ch differences do not vanish completely. It is therefore important to control for 

str ct ral differences in o r empirical impact analysis, which we do along the methodological 

approaches o tlined in Section 3.3.1. 

5.2. Effects on ene gy se vice p ovision among  u al households 

5.2.1. Electr c ty access 

In spite of the officially very low official electrification rate in the s rveyed regions in 2014, aro nd 25 

percent of ho seholds already had some type of electricity so rce at baseline, with a larger 

penetration in treatment sites (Table 7). The national energy s rvey URT (2017) later fo nd electricity 

access n mbers that were better in line with these fig res. It was fo nd that, in 2016, the r ral 

electricity access rate in Kagera region in the North basically correspond to the national average of 16 

percent whereas the rate was twice as high in r ral Katavi, the region where Mpanda is located. 

The electrification rate in o r sample increased f rther over time, not only in treatment 

comm nities, b t also in control comm nities. Table 7 shows the effect of the intervention on 

electricity access rates. This table and the following tables show baseline and follow- p data, now 

simply comparing treatment and control and not differentiating between TANESCO and REA 

anymore. Remember that treatment in o r case refers to comm nity electr f cat on, whereas we 

refer to access or (gr d) connect on if an individ al ho sehold act ally connected to the newly 

erected electricity grid. 

Table 7: Elect icity access 

Baseline (2014) 

Treatment Control 

Follow-up (2018) 

Treatment Control 
ITT ATT PSM 

HH  ses electricity, in % 28.4 19.0 72.3 62.1 1.8 34.3*** 38.2*** 

N mber of observations 1000 724 1601 1601 641 

Note: Asterisks i dicate that the impact estimates are statistically sig ifica t at the 10, ** at the 5, *** at the 1 per ce t level. 

IIT a d ATT with co trols (both usi g the Diff-i -Diff approach) as well as PSM as specified i  Sectio  3.3.1. ITT a d ATT 

exclude the co  ected households that have  o -ra domly bee  added to the sample at follow-up. They also exclude the 

replaced  o -co  ected households i  treatme t commu ities, which are accou ted for through sampli g weights i  these 

estimatio s. The 1601 observatio s are thus composed of the 1444 pa el observatio s (baseli e + follow-up) a d the 204 

baseli e attritors, mi us a few observatio s with missi g data o  co trol variables. PSM o ly i cludes follow-up observatio s 

a d here excludes the 224  o -co  ected households i  treatme t commu ities as explai ed i  Sectio  3.3.1. See also Table 

3 o  page 13. 

The table shows the three effect estimates introd ced in Section 3.3.1., namely Intent on To Treat 

(ITT), Average Treatment effect on the Treated (ATT) and the one based on Propens ty Score 
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Match ng (PSM). The ATT and PSM are,  ns rprisingly, significant for this first indicator: TANESCO 

c stomers are more likely to have electricity access than in their co nterfact al sit ation of not living 

in a TANESCO-served comm nity. More specifically, they are aro nd 35 percent more likely to have 

an electricity so rce thanks to the ORIO intervention. The more relevant indicator in this case, 

however, is the ITT, i.e. the effect of the ORIO intervention on the electricity access rate in the entire 

comm nity with grid electricity. Here, the ITT exposes that no discernible effect can be seen on 

comm nity level: interestingly, the ORIO intervention triggered an increase in electricity access rates 

that is only 2 percentage points higher in treatment comm nities compared to control comm nities; 

an increase that is too small to be statistically significant. Comm nities served by the ORIO 

intervention already had higher electricity  sage rates at baseline and, similarly, at follow- p. 

As f rther ill strated in Fig re 7 (a), a larger diff sion of solar panels mostly compensates for the 

absence of grid electricity in off-grid control comm nities. Instead of  sing grid electricity, control 

comm nities more strongly rely on solar panels to satisfy their electricity demand. Some ho seholds 

reported to have had solar panels since 2000, b t the majority – over 60 per cent – had installed 

solar panels d ring the last fo r years. The clearly most pop lar brand is S ndar Solar, a Dar-es-

Salaam-based company that imports non-branded solar panels, mostly from China, and markets 

them via resellers in r ral areas. 
48 

Fig re 7 (a) also indicates that, as we expected, individ al and village generators were widely 

replaced by solar panels and TANESCO grid connections. Of the seven small village grids r n by a 

generator at baseline (two TANESCO and fo r REA sites and one control site), only one remained in 

operation in 2018. 

Figu e 7: Elect icity sou ces and elect icity consumption 

(a) Electr c ty sources used by households (b) Monthly electr c ty consumpt on  n kWh 
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TANESCO solar generators or car batteries 

Note: Solar i cludes solar pa els a d pico-PV kits a d ge erators cover i dividual ge erators a d village ge erators. Figure 

(a) does  ot i clude double cou ts, i.e. households with TANESCO a d solar or other sources are cou ted as TANESCO, those 

with solar a d other sources as solar. 

Looking closer into the s rvey data on TANESCO c stomers, 67 percent of ho seholds reported that 

the decision to connect was made solely by the head of ho sehold, in 19 percent of cases by the 

head of ho sehold and his/ her spo se. Fig re 7 (b), f rthermore, shows the cons mption patterns 

of ho seholds. Abo t half the ho seholds have an average monthly cons mption below 25 kWh. This 

corresponds to  sing three 10-Watt energy-saver b lbs, two 40-Watt neon t bes, a 10-Watt radio 

and one 80-Watt TV for abo t fo r ho rs per day. Almost 90 percent fall  nder the 75 kWh 

threshold, which ho seholds are not s pposed to exceed for more than three months in a row if they 

48 
An overview of main solar brands in Tanzania can also be taken from Ipsos Tanzania (2017, slide 54). 
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want to benefit from a m ch cheaper lifeline tariff. The average cons mption is 36 kWh, the median 

cons mption 21 kWh per month. 

F rther s rvey data on TANESCO c stomers reveals that shared connections are very  ncommon: 

merely five percent of connected ho seholds reported to be connected thro gh a neighbo ring 

ho sehold. Less than ten percent of connected ho seholds have a ready-board, which is a wall box 

with integrated circ it breakers, socket o tlets and a light targeted to poor low-cons ming 

ho seholds. This low penetration rate of ready-boards is likely d e to TANESCO having problems in 

proc ring these devices. 32 percent of TANESCO c stomers report to have had access to an 

electricity so rce before, mainly solar panels (24 percent). Aro nd 6 percent of c stomers have a 

back- p electricity so rce, often still a solar panel they owned before. In contrast, for 68 percent of 

TANESCO c stomers, the grid connection was their first-time  se of electricity at home. Table 8 

shows that most TANESCO c stomers got access to electricity before 2017 (over two years ago), 

whereas aro nd 15 percent got access somewhere in 2017 (one to two years). D e to the later 

connection in Mpanda, connection dates are more recent there. Still, average d ration of connection 

is decently high with aro nd 1.7 years. 

Table 8: Du ation of access to elect icity access among t eated TANESCO custome s in the sample 

Biharam lo 

Town 

Ngara Mpanda 
Total 

D ration of access to TANESCO grid, in % 

0-3 months 

3-12 months 

1-2 years 

over 2 years 

2 

0 

20 

78 

1 

8 

20 

71 

5 

34 

16 

45 

2 

11 

19 

68 

TANESCO connection rate, in % 

Entire sample 

Ho seholds within 100 m of grid 

Ho seholds within 50 m of grid 

47 

61 

66 

47 

64 

78 

22 

26 

32 

38 

48 

57 

Share in sample  sed for analysis, in % 22 41 37 100 

According to Fig re 7 (a), TANESCO is  sed by 38 percent of sampled treatment ho seholds at follow-

 p. Remember that these ho seholds were sampled at baseline in areas along the planned electricity 

grid. They may th s have t rned o t to be living too far from the act al electricity grid (like some of 

the control ho seholds who wo ld also live too far from the grid if it reached their comm nity). If we 

restrict the sample to ho seholds living within 100 metres of the act al grid, the share of connected 

ho seholds amo nts to 48 percent; within 50 metres, it increases to 57 percent. Access to the 

TANESCO grid is f rthermore correlated to income: in the 50-metre corridor, 42 percent are 

connected in the poorest q intile (i.e. the 20 percent of ho seholds with the lowest level of 

expendit re as a proxy for income), 69 percent in the richest q intile. This difference is even stronger 

for solar panels in control comm nities: here, 35 percent of ho seholds own one in the poorest 

q intile, whereas 87 percent do in the richest q intile. 

We generally see rather small differences in access rates and th s of distrib tion of potential impacts 

of grid electricity across different dimensions: Access rates in female-headed treatment ho seholds 

of 39 percent are q ite similar and even slightly higher than the 37 percent fo nd for male-headed 

ho seholds; similarly, little differences are observed when comparing the oldest and yo ngest 

q intile of ho sehold heads (36 against 32 percent) and ho seholds with and witho t migrants (31 

and 40 percent). The major difference lies between ho seholds where the ho sehold head is only 
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engaged in farming (34 percent) and ho seholds with ho sehold heads that are also engaged in non-

farm activities (54 percent). 

Non-connected treatment ho seholds in the sample gave several reasons why they are not connec-

ted. 40 percent mention that they cannot afford the one-time connection fee, while 37 percent 

indicate that they cannot afford the in-ho se installation (with median costs among TANESCO 

c stomers amo nting to 150,000 TSh (58 E ro)). 30 percent cannot afford the r nning electricity 

costs. Other reasons for not being connected incl de the ho se being too far from the grid (36 

percent), the ho se having no iron roof (6 percent), or the ho sehold being generally  ninterested in 

connection to the grid (4 percent). Another iss e are constraints in connecting ho seholds at the side 

of TANESCO: as many as 28 percent of the non-connected ho seholds mention that they already 

applied for a TANESCO connection (distance does not seem to be a hindering factor). 

Most  se a pre-paid meter and th s cannot get into debt. Yet, d e to a lack of credit on their pre-

paid meter 23 percent of the ho seholds were witho t electricity for some time d ring the 60 days 

prior to the interview. The average time was 8.5 days and in 15 percent of cases the reconnection 

took more than two weeks. 

To concl de, we see that off-grid ho seholds fo nd ways to meet their electricity demands, 

predominantly via solar panels. In how far grid connections and solar panels are comparable, tho gh, 

depends on the amo nt of energy services demanded and cons med by ho seholds. It may, for 

example, be the case that grid-connected ho seholds are able to make  se of higher-powered 

appliances and machines, or that solar panels are only eno gh to ill minate certain parts of a 

ho sehold, while other parts remain witho t electric lighting. Electricity costs may also be different. 

We will probe into electricity  sage in the next section. 

5.2.2. Use of trad t onal energy sources 

In line with the observation that grid electricity and solar panels made inroads to the s rvey region, 

ho seholds widely abandoned traditional energy so rces for services replaceable by electricity. 

Table 9: Usage of t aditional ene gy sou ces 

Baseline (2014) 

Treatment Control 

Follow-up (2018) 

Treatment Control 
ITT ATT PSM 

Use at least once in 

last 30 days, in % 

Kerosene 53 53 10 10 2 -1 -4 

Dry-cell batteries 81 87 45 52 -2 -24*** -23*** 

LPG 0.2 0.2 3.8 0.3 4** 7** 7*** 

Monthly kerosene 

cons mption, in litres 

Monthly cons mp-

tion of batteries 

1.18 0.96 

7.0 8.5 

0.09 0.09 

1.6 1.8 

-0.2 

1.3 

-0.2 

1.4 

1.6 

-0.2 

Note: The shares refer to households referri g to purchases of these e ergy sources i  a typical mo th. Asterisks i dicate 

that the impact estimates are statistically sig ifica t at the 10, ** at the 5, *** at the 1 per ce t level. IIT a d ATT with 

co trols as well as PSM as specified i  Sectio  3.3.1. 

In Table 9, we look at  sage of kerosene, dry-cell batteries, and Liq efied Petrole m Gas (LPG). 

Candles are only irreg larly  sed, already at baseline. Kerosene was another important so rce of 

lighting at baseline, and its cons mption decreased drastically (from 53 percent to 10 percent), which 

is in line with other st dies (see Bensch et al. 2017b, Grimm and Peters 2016). The  se of dry-cell 

batteries decreased considerably as well: In 2014, more than 80 percent of the ho seholds  sed 
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batteries, mainly for radio and lighting (see next s b-section), whereas only aro nd 50 percent of the 

ho seholds  sed them in 2018, with a significant red ction among connected ho seholds according 

to the ATT and PSM estimates. The ITT for kerosene and dry-cell  se, which also acco nts for non-

connected ho seholds, indicates that the effect on comm nity level is negligible. What is more, 

neither for kerosene nor for dry-cell batteries, an effect can be observed in terms of average act al 

cons mption (see the lower part of the table). The changes are th s not an impact of the 

electrification intervention b t rather reflect a general trend, also away from f el stacking, i.e. the 

sim ltaneo s  se of m ltiple different f els (see also Cho mert-Nkolo et al. 2019). It is f rthermore 

interesting to see that LPG  sage slowly kicks off in treatment comm nities. This might be explained 

by better connectivity of treatment comm nities (see Section 5.1), which the impact estimates may 

not be able to f lly acco nt for. LPG is most prevalent in the highest expendit re q intile (six 

percent), while two to three percent of ho seholds in q intiles two to fo r are fo nd to  se LPG and 

none in the lowest q intile (not shown in the table). Hence, LPG  sage remains very low even among 

richer ho seholds, which is not  ns rprising for the r ral African context. 

5.2.3. Appl ance usage 

Appliances are the main means to make  se of the new or improved energy services enabled by 

electricity. We see that appliance ownership changed stronger for the grid-connected treatment 

ho seholds than for control ho seholds. Table 10 s ggests that an additional five to 15 percent of 

ho seholds in treatment comm nities replaced charcoal irons by electric irons, battery-powered 

radios by line-powered radios and acq ired TVs (see ITT col mn). Among grid-connected TANESCO 

clients, 68 percent own a TV (not shown in the table). Mobile phones are very common in both type 

of comm nities and the gap of almost 7 percent at baseline remained ro ghly the same at follow- p; 

ho seholds witho t access to electricity charge phones in shops or at their neighbo rs’ ho se for an 

average price of 190 TSh per time (0.07 E ro). This is one way non-connected ho seholds indirectly 

benefit from electrification in their comm nity. They pay slightly less than ho seholds witho t 

electricity so rce in non-electrified comm nities and  s ally the place is closer. To concl de 

appliance ownership, only three ho seholds from o r sample in Ngara region own electric stoves. 

In 2014, only 32 ho seholds (three percent)  sed any of their appliances for some prod ctive 

p rpose (17 in treatment gro p, 15 in control gro p), with no significant change for treatment 

comm nities over time: In 2018, 10 ho seholds (2 per cent) in treatment comm nities were  sing 

their appliances for their b siness. In control comm nities this n mber declined to 5 ho seholds (1.5 

per cent). Most of these ho seholds  sed their sewing machine to prod ce goods as a b siness. 

Other appliances  sed for b siness incl de grain mills, mobile phones and radios. 

Table 10: Appliance owne ship 

Baseline (2014) 

Treatment Control 

Follow-up (2018) 

Treatment Control 
ITT ATT PSM 

Mobile phone 83 76 91 86 -2 -2 9** 

Radio battery only 60 53 22 33 -12** -24*** -19*** 

line power only 4 3 24 17 6 25*** 20*** 

Iron charcoal 39 27.9 27 30 -11** -8 2 

electric 3 1 10 0 9*** 24*** 22*** 

TV 15 8 35 16 14*** 40*** 46*** 

Satellite receiver 8 3 21 7 10*** 27*** 35*** 

Electric stove 0.0 0.0 0.4 0.0 0.3 0.7 0.6 

Note: All values i  perce t. Asterisks i dicate that the impact estimates are statistically sig ifica t at the 10, ** at the 5, *** 

at the 1 per ce t level. IIT a d ATT with co trols as well as PSM as specified i  Sectio  3.3.1. 
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Other main appliance types are lighting devices. We present meas res of lighting cons mption and 

q ality in Fig re 8 and Table 11. The fig re shows that electric lighting became the most pop lar 

so rce of lighting in both treatment and control comm nities. The table, f rthermore, exposes 

significant effects in terms of the ho rs of artificial light cons med for nearly all devices, except for 

gas and h rricane lanterns. We observe a similar trend over time for daily l men ho rs, which 

acco nt for different levels of brightness. Battery-driven LED lamps, gas and h rricane lamps and 

traditional tin lamps as well as kerosene are decreasingly  sed in treatment comm nities. 

Follow- p satisfaction with lighting q ality is lower for all lighting devices in control comm nities 

(Fig re 9). In treatment comm nities, especially the satisfaction with more advanced lighting devices 

is higher, i.e. with electric light and rechargeable & solar LED. In addition, TANESCO c stomers are 

more satisfied with electric lighting than  sers of other electricity so rces (not shown in the fig re): 

18 percent of the TANESCO c stomers are very satisfied and 72 percent are satisfied, compared to 

two and 22 percent for  sers of other electricity so rces, respectively. 

Figu e 8: P ima y lighting devices acco ding to hou s lit 

100 

80 

60 

% 
40 

20 

0 

electric solar or rechargeable battery-driven f el-r n 

Note: Electric lighti g i cludes fluoresce t tubes, e ergy savers a d i ca desce t lamps. Fuel-ru  i cludes traditio al ti  

lamps, gas a d hurrica e la ter s. 

Table 11: Daily a tificial lighting and lumen hou s, by sou ce of lighting 

Treatment Control Treatment Control 

Baseline Follow p 

Baseline (2014) 

Treatment Control 

Follow-up (2018) 

Treatment Control 
ITT ATT PSM 

Ho rs of light per day 
#

electric light 5.4 3.7 28.5 17.5 9.9*** 26.8*** 23.2*** 

solar LED or rechargeable 1.9 1.3 2.4 4.6 -2.8** -4.9*** -4.9*** 
#

battery-driven LED 1.3 0.6 0.5 0.6 -0.6* -0.8** -0.4 

gas and h rricane lanterns 0.8 0.6 0.1 0 -0.2 -0.2 0 

traditional tin lamps 3 3.4 0.3 0.5 0.5 0.5 -0.5** 

L men ho rs per day 
#

electric light 3720 2580 19,530 12,110 6620*** 16580*** 14460*** 

solar LED or rechargeable 180 130 230 450 -270** -470*** -490*** 
## 

battery-driven LED 270 340 120 160 50 -80** -90*** 

gas and h rricane lanterns 960 890 150 40 20 -20 50 

traditional tin lamps 34 39 3 6 5 5 -5** 

Note: 
# 
i cludes fluoresce t tubes, e ergy savers a d i ca desce t lamps. 

## 
i cludes ha d-crafted LED lamps powered by 

batteries. Asterisks i dicate that the impact estimates are statistically sig ifica t at the 10, ** at the 5, *** at the 1 per ce t 

level. IIT a d ATT with co trols as well as PSM as specified i  Sectio  3.3.1. 
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Figu e 9: Satisfaction with lighting quality of diffe ent lighting devices at follow-up 

Treatment 

Electric light 

Rechargeable & Solar LED 

Hand-crafted & Battery-driven 

F el-r n 

0% 20% 40% 60% 80% 100% 

very satisfied satisfied not satisfied, not  nsatisfied  nsatisfied very  nsatisfied 

Note: Satisfactio  with lighti g quality is based o  few observatio s o ly for fuel-ru , which i cludes traditio al ti  lamps, gas 

a d hurrica e la ter s. 

5.2.4. Energy expend tures 

Table 12 shows r nning energy and electricity expendit res as the share of total core ho sehold 

expendit res (see Table 6 in Section 5.1 for the list of non-energy core expendit res). We observe 

that the share of electricity in core expendit res increased significantly in treatment comm nities. 

We also look at traditional energy which covers candles, kerosene, batteries, wood, charcoal, and 

LPG. The share of this traditional energy in core expendit res red ced for treatment comm nities 

and increased for control comm nities, both insignificantly. In s m, ho seholds with TANESCO rather 

spend more on energy than before and more than the control gro p. This reflects that they now 

make  se of a broader range of energy services. 

Table 12: Ene gy expenditu es 

Baseline (2014) Follow-up (2018) 
ITT ATT PSM 

Share in core expendit res, in % Treatment Control Treatment Control 

electricity 1.3 0.8 2.7 0.9 1.5*** 3.6*** 4.3*** 

kerosene for lighting and 
5.4 5.9 1.1 1.3 0.3 0.3 0.0 

batteries 

traditional energy 10.6 10.8 9.6 11.9 -2.1 1.1 1.1 

total energy 11.9 11.6 12.3 12.8 -0.6 4.7** 5.4*** 

total energy, only ho seholds 
11.3 11.1 9.3 12.2 – – – 

witho t electricity so rce 

Note  I stallatio  costs of the electricity sources are  ot i cluded i  the e ergy expe ditures. Asterisks i dicate that the 

impact estimates are statistically sig ifica t at the 10, ** at the 5, *** at the 1 per ce t level. IIT a d ATT with co trols as well 

as PSM as specified i  Sectio  3.3.1. 

The r nning costs, tho gh, do not acco nt for the investment costs in electricity so rces. Since the 

grid connection cost of 27,000 TSh is s bsidized by REA, ho seholds with alternative electricity 

so rces have considerably higher investment costs: The solar panels that were in place in 2014 cost 

on average 335,000 TSh (155 E ro) and inc r negligible ann al maintenance cost of aro nd 8,200 

TSh. In 2018, the average cost of solar panels decreased to 210,000 TSh, while ho seholds spent 

more on maintenance, on average 29,000 TSh per year. The price paid for panels bo ght in 2017 and 

2018 was even lower at 190,000 TSh (75 E ro) and th s abo t half the cost of the panels in place in 

2014. Grid-connected ho seholds th s spend less  pfront b t have to bear the r nning electricity 

costs. If one spreads these investment and maintenance costs evenly over time, solar panels wo ld 

have to last on average for aro nd three years and fo r months in order to break even with costs of 
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grid electricity. This is a very conservative fig re as it ass mes that the solar panels deliver the same 

energy services as grid electricity and it abstracts from interest rates that have to be considered in 

the higher  p-front solar panel p rchase costs. To concl de, TANESCO c stomers likely indirectly 

benefit from not having to p rchase solar panels, not only thro gh more power b t also lower 

lifetime costs. 

We delve f rther into energy expendit res by disaggregating them by wealth level for the aggregate 

sample (again r nning costs only). In Table 13, we observe significant differences across expendit re 

q intiles for almost all the presented energy expendit res in terms of their share in core 

expendit res. Overall, richer ho seholds spent a significantly higher share of their core expendit res 

on electricity and wood or charcoal at baseline, b t lower shares on energy, batteries, and kerosene. 

In 2018, the poorest ho seholds have ca ght  p with richer ho seholds in terms of the share spent 

on electricity – an indicator that electricity has become more available to even the poorest. 

Expendit re shares on batteries and kerosene remain significantly lower for ho seholds in the 

highest q intile, whereas the expendit re share on energy is now significantly higher. The share of 

wood or charcoal in core expendit res increased over time for both wealth gro ps and remained 

significantly higher for ho seholds in the highest q intile in both 2014 and 2018, especially d e to 

the increased  se of charcoal. Finally, we see that ho seholds witho t electricity so rce do not spend 

a m ch different share of their ho sehold b dget on energy. 

Table 13: Ene gy expenditu es, by wealth level 

Share in core expendit res, in % 

Baseline (2014) 

Lowest Highest Difference 

q intile q intile p-val e 

Follow-up (2018) 

Lowest Highest Difference 

q intile q intile p-val e 

electricity 

traditional energy 

batteries 

kerosene 

wood/ charcoal 

0.5 1.3 0.03*** 

14.3 7.1 0.00*** 

6.3 1.3 0.00*** 

5.3 0.8 0.00*** 

2.1 3.6 0.04** 

2.1 2.2 0.73 

8.4 14.4 0.00*** 

2.0 0.1 0.00*** 

0.7 0.1 0.02** 

4.4 11.7 0.00*** 

Note Asterisks i dicate that the impact estimates are statistically sig ifica t betwee  the two prese ted qui tiles at the 10, 

** at the 5, *** at the 1 per ce t level. 

5.2.5. Qual ty of electr c ty serv ce 

When asked abo t advantages and disadvantages of being connected to the grid, some ho seholds 

mention that electricity is less expensive than traditional power so rces, that it is more reliable, and 

that it provides the ho sehold with eno gh energy for appliance  sage. 

At follow- p, TANESCO c stomers in treated comm nities were asked abo t experiences with 

o tages, coping strategies in case of blacko ts and their c stomer satisfaction. 93 percent of 

connected ho seholds experienced a blacko t in the last 30 days prior to the interview. 38 percent of 

ho seholds experienced five or fewer o tages in the month prior to the s rvey. Another 14 percent 

experienced 10 o tages, 22 percent even experienced 30 o tages. The average n mber of blacko ts 

was 14 in the last month. 22 percent of ho seholds reported that their appliances were damaged 

d e to voltage fl ct ations or power c ts, in most cases a light b lb, b t the fig re also incl des a 

few broken meters. The occ rrence of blacko ts will be disc ssed more extensively when assessing 

the potential improvements in grid reliability in Section 6.1. 

We already learnt that hardly any electricity so rces are  sed besides solar panels and TANESCO, 

some of which are kept as back- p so rces in case of blacko ts. D ring blacko ts, 21 percent  se an 

electric back- p so rce, incl ding solar lanterns b t also mobile phone torches, for example. Another 
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ro ghly half of the ho seholds (48 percent) have to rely on traditional energy d ring a blacko t and 

30 percent wait  ntil the service is re-established. 

The perceived reliability of the grid shown by the stated satisfaction of respondents is mixed with 

more people expressing their dissatisfaction (Fig re 10). 26 percent of the interviewed ho seholds 

are either satisfied or very satisfied with the reliability of the grid. Another 35 percent claimed that 

they are  nsatisfied, and 10 percent of the c stomers even reported to be very  nsatisfied. 

Considering voltage stability, another indicator of the q ality of the technical service, satisfaction is 

higher with 15 percent of the respondents claiming to be very satisfied and 58 percent to be 

satisfied. The n mbers regarding reliability and voltage stability are s bstantiated by comm nity-

level data, presented in Fig re 11. In 79 percent of the cases, the village leader had received one or 

more complaints on the reliability of the grid. For the electricity price, only 14 percent of village 

representatives were approached with complaints. 

Apart from that main complaints by village leaders relate to grid coverage in their villages, which they 

expected to be higher. The grid extension activities did not seem to have created discontent: there 

was a general agreement between TANESCO/ REA and the villagers that the project can be carried 

o t witho t compensation to destroyed properties (e.g. trees, bananas, coffee), which has been 

doc mented in village assembly meetings min tes and s pported by elected ward members. 

Figu e 10: Satisfaction with diffe ent aspects of TANESCO's se vice 

In general 

C stomer service 

Reliability 

Voltage stability 

The electricity price 

0% 20% 40% 60% 80% 100% 

very satisfied satisfied not satisfied, not  nsatisfied  nsatisfied very  nsatisfied 

Figu e 11: Complaints  eceived by village leade s on diffe ent aspects of TANESCO's se vice 

In general 

C stomer service 

Reliability 

Voltage stability 

The electricity price 

0% 20% 40% 60% 80% 100% 

several times once never 

To concl de, we co ld not find significant differences between treatment and control in the  se of 

the traditional energy so rces kerosene and batteries, which are typically replaced by electricity. Yet, 

we fo nd indications that grid electricity – despite being partly intermittent – delivers better energy 
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services than the off-grid so rces  ses in the control comm nities: ownership of TV and electric irons 

increased significantly as well as the  se of lighting. The following s b-section scr tinizes whether 

this translates into palpable impacts in the indicators presented in Section 3.3.1. 

5.3. Impact assessment fo  u al households 

Fig re 2 in Section 3.1 introd ced the res lts chain of the ORIO intervention in Tanzania. As already 

noted in Box 3 of the same section, health impacts were a priori rather  nlikely. Given the very low 

shares of cooking with electricity and the  niversally low rate of lighting with kerosene, health is in 

fact  nlikely to be affected and is therefore not covered here. Instead, the following analysis covers 

time allocation (also for income-generating activities and st dying as an early indicator of ed cation), 

safety and sec rity (incl ding attit des related to preventive health meas res), environmental 

impacts, and migration. For all impact dimensions, the findings on high co nterfact al solar panel 

 sage lower expectations as to what the grid electrification intervention may have ca sed. 

5.3.1. T me allocat on 

In this section we look at time allocation more broadly, incl ding st dy time of school children and 

enrolment, income-generating activities, and free-time activities. 

Electricity  sage may impact st dy time, since non-connected people are limited in the  sage of 

artificial light in their evening ho rs (as evidenced in Section 5.2.3). This creates increased 

opport nity for children to st dy d ring evening ho rs. Thro gh this and other indirect channels of 

increased opport nity, school enrolment may as well be affected. 

Table 14 presents the res lts for school enrolment and st dy time for children in the primary school 

age, and for boys and girls in the secondary school age. To examine the treatment effect, we again 

present ITT, ATT and PSM. In line with expectations, changes can rather be observed for children of 

secondary school age and even these are mostly s btle. There is a general trend of more children 

going to secondary school, even being statistically higher for boys in treatment comm nities. Here, 

we find a statistically significant effect on whether all boys of secondary school age go to secondary 

schools (ITT) – a difference that, however, disappears when we foc s on connected ho seholds 

(ATT), th s s ggesting that there were either stronger spillovers to non-connected ho seholds or 

idiosyncratic developments in the treatment comm nities. At the same time, we can r le o t that 

this effect is d e to treatment ho seholds having less boys in the respective age bracket: in fact, 

treatment ho seholds rather have more boys between age 12 and 17 (average of 0.61 compared to 

0.52 in control comm nities (p-val e on difference in means of 0.23)). 

Table 14: Schooling and study time 

Baseline (2014) Follow-up (2018) 
ITT ATT PSM 

Treatment Control Treatment Control 

Children (6-11) 

St dy home after school, in % 43 36 41 32 -3 15* 7 

St dy home after nightfall, in % 26 18 33 26 -1 12 1 

Late st dy time, in ho rs 0.40 0.25 0.49 0.31 0.04 0.24* 0.12 

Total st dy time, in ho rs 0.70 0.66 0.70 0.57 0.03 0.25 0.13 

Share of late st dy time, in % 56 42 70 61 -4 13 12 

All children 6-11 in school, in % 60 52 69 71 -10 -9 0 

Table cont nues on next page 
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Baseline (2014) Follow-up (2018) 
ITT ATT PSM 

Treatment Control Treatment Control 

Boys (12-17) 

St dy home after school, in % 54 47 50 36 12 20 -6 

St dy home after nightfall, in % 40 32 45 34 3 16 -5 

Late st dy time, in ho rs 0.72 0.51 0.79 0.57 -0.04 0.12 -0.31 

Total st dy time, in ho rs 1.04 0.88 0.98 0.74 0.14 0.08 -0.34 

Share of late st dy time, in % 69 62 84 80 -2 19 -12** 

All boys 12 - 17 in school, in % 55 54 80 61 21** 6 3 

Girls (12-17) 

St dy home after school, in % 58 53 52 35 8 36*** 6 

St dy home after nightfall, in % 42 30 45 28 4 30*** 6 

Late st dy time, in ho rs 0.72 0.51 0.76 0.43 0.18 0.63*** 0.25 

Total st dy time, in ho rs 1.03 1.01 1.02 0.59 0.44 1.11*** 0.40* 

Share of late st dy time, in % 69 53 78 73 -5 3 13 

All girls 12 - 17 in school, in % 62 55 81 74 2 5 11 

Note Asterisks i dicate that the impact estimates are statistically sig ifica t at the 10, ** at the 5, *** at the 1 per ce t level. 

IIT a d ATT with co trols as well as PSM as specified i  Sectio  3.3.1. 

Secondly, less ho seholds report that their children st dy at home, and this being mostly driven by 

st dying d ring day time. Here, we find ATTT effects on girls’ st dy time in that the treatment gro p 

maintains the st dying ho rs, while rather increasing those after nightfall, whereas there is large 

drop in girls st dying after school in control sites. The negative PSM estimate for the share of late 

st dy time among boys has to be taken with care, since the cross-sectional PSM in o r case seems to 

be less capable in eliminating str ct ral differences between the two compared gro ps than the ATT 

based on Diff-in-Diff estimations. Apart from that, no significant changes can be observed regarding 

ed cation-related o tcomes. 

Table 15: Income-gene ating activities and household duties 

Baseline (2014) Follow-up (2018) 
ITT ATT PSM 

Treatment Control Treatment Control 

Engaging in non-farm activities, in % 

Head of ho sehold 33 30 43 38 5 -4 7 

Spo se of head of ho sehold 17 12 20 16 0 -3 -3 

Ho rs per day spent on income-

generating activities (incl. farming) 

Father 7.09 6.72 7.13 6.61 0.13 0.32 0.82** 

Mother 5.92 6.70 5.65 5.69 -0.29 -0.59 -0.90** 

Engaging in ho sehold d ties, in % 

Father 19 14 23 19 -2 -5 -7 

Mother 85 86 87 90 -2 -10** -7** 

Ho rs per day spent on ho sehold 

d ties 

Father 0.64 0.38 0.92 0.75 -0.10 0.20 -0.25 

Mother 4.03 3.97 3.87 3.85 0.12 0.05 -0.23 

Note Asterisks i dicate that the impact estimates are statistically sig ifica t at the 10, ** at the 5, *** at the 1 per ce t level. 

IIT a d ATT with co trols as well as PSM as specified i  Sectio  3.3.1. 

Income-generating activities and ho sehold d ties are listed in Table 15. Virt ally all ad lts at wor-

king age are involved in income-generating activities, predominantly farming (at least as secondary 
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occ pation). The time spent on these activities did not change remarkably, neither over time nor 

across treatment and control comm nities. The main development that can be observed – for both 

treatment and control – is a slightly stronger engagement in non-farm-activities, mainly as secondary 

occ pation. These micro-enterprise activities are disc ssed more extensively in Section 5.4. 

Expos re to television seems to have affected the time  se of connected ho seholds most. At 

baseline, the main so rce of entertainment d ring evening ho rs was radio, and the second most 

important activity was evening praying with the family members. Over time, radio became less 

important whereas praying kept its importance for r ral ho seholds. The main change occ rred in 

 sage of TV where we can find a large increase over time. While only 10 percent of ho sehold 

watched TV at home d ring baseline, at follow- p this share was already at 23 percent of all 

ho seholds, and at 33 percent among treatment ho seholds (Table 16). Accordingly, we find a 

significant increase in the time ho sehold members watch TV in connected ho seholds of between 

25 to 45 min tes, with the lowest effect on children and girls and the largest effect on fathers in 

ho seholds. Male and female ad lts in connected ho seholds watch on average 1.3 and 1.1 ho rs 

per day, respectively, which is 50 min tes more than the average of non-connected ho seholds. 

Table 16: Television consumption 

Baseline (2014) Follow-up (2018) 
ITT ATT PSM 

Treatment Control Treatment Control 

Watching TV at home, in % 13 7 33 13 14*** 41*** 47*** 

Watching TV, in % 

Father 11 7 37 18 16*** 36*** 36*** 

Mother 9 4 31 12 15*** 39*** 45*** 

Girls 12-17 yrs. 7 5 24 9 13* 27*** 34*** 

Boys 12-17 yrs. 9 10 24 13 10 26*** 26** 

Children 6-11 yrs. 8 4 25 15 7 27*** 26*** 

Ho rs watched TV per day 

Father 0.22 0.15 0.74 0.41 0.27** 0.72*** 0.67*** 

Mother 0.18 0.09 0.54 0.28 0.19* 0.69*** 0.76*** 

Girls 12-17 yrs. 0.11 0.05 0.45 0.19 0.23 0.40** 0.66*** 

Boys 12-17 yrs. 0.15 0.16 0.51 0.25 0.23 0.56** 0.64*** 

Children 6-11 yrs. 0.12 0.06 0.52 0.30 0.20 0.58*** 0.50*** 

Note Asterisks i dicate that the impact estimates are statistically sig ifica t at the 10, ** at the 5, *** at the 1 per ce t level. 

IIT a d ATT with co trols as well as PSM as specified i  Sectio  3.3.1. 

These longer ho rs in watching TV do, however, not negatively affect the freq ency of ad lt 

ho sehold members leaving home after nightfall (Table 17). For boys, however, we see a general 

trend to more time spent o tside the ho se at night, with this trend being significantly lower in 

connected ho seholds. 

Table 17: Going out afte  nightfall 

Days per week o tside after Baseline (2014) Follow-up (2018) 
ITT ATT PSM 

nightfall Treatment Control Treatment Control 

Man 1.32 1.66 1.35 1.55 0.09 -0.23 0.04 

Woman 0.45 0.53 0.35 0.48 -0.04 -0.17 -0.18 

Boys 12-17 yrs. 0.35 0.28 0.67 0.50 0.06 -0.46** -1.19*** 

Girls 12-17 yrs. 0.19 0.13 0.16 0.18 -0.10 -0.14 -0.02 

Note Asterisks i dicate that the impact estimates are statistically sig ifica t at the 10, ** at the 5, *** at the 1 per ce t level. 

IIT a d ATT with co trols as well as PSM as specified i  Sectio  3.3.1. 
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5.3.2. Safety and secur ty 

The propensity to leave the ho se after nightfall shown in the previo s s b-section has already been 

a first indicator on the perception of safety and sec rity: once electric lighting is available and more 

shops and enterprises are open after nightfall, people may be more inclined to leave the ho se. In 

that sense, watching TV on the one hand and increased sec rity and night-time opport nities on the 

other hand may have had co ntervailing effects. In any case, the electrification treatment does not 

seem to have affected the effective behavio r m ch. 

Table 18 presents perception q estions related to safety and sec rity. While we generally find no 

impacts, a notable difference is whether the ho sehold interviewee claimed to be afraid when at 

home – this improved considerably among connected ho seholds with an ATT of min s 18 percent. 

The table f rthermore shows two indicators on protective health meas res, which also serve as 

proxies for whether ho seholds adopt different attit des. We see no effect on the  se of mosq ito 

nets, b t control ho seholds more than offset the lower  sage rates of modern contraception from 

baseline. 

Table 18: Pe ceived safety and secu ity and p otective health measu es 

Baseline (2014) Follow-up (2018) 
ITT ATT PSM 

Treatment Control Treatment Control 

Afraid when at home, in % 60 65 44 46 5 -18*** -15*** 

Afraid when yo o tside, in % 63 69 42 43 2 -2 -12* 

Afraid when children o tside, in % 72 70 41 44 -7 -10 -10 

Darkness dangero s, in % 98 97 97 97 -2 -2 -1 

All sleep  nder mosq ito net, in % 86 83 92 88 2 4 6 

Use of modern contraception, in % 40 29 44 50 -12* -1 -2 

Note Asterisks i dicate that the impact estimates are statistically sig ifica t at the 10, ** at the 5, *** at the 1 per ce t level. 

IIT a d ATT with co trols as well as PSM as specified i  Sectio  3.3.1. 

5.3.3. Env ronmental effects 

Potential environmental effects of the intervention might have occ rred at three levels: first, 

ho seholds might have replaced harmf l or inefficient traditional f el types, namely kerosene, dry-

cell batteries or biomass. Kerosene, for example, as a fossil f el emits globally harmf l carbon dioxide 

as well as locally harmf l poll tants s ch as carbon monoxide. Ho seholds might also have replaced 

individ al generators. However, as exposed in the sections on electricity access and the  se of 

traditional energy so rces (5.2.1 and 5.2.2), we do not find effects on the  se of traditional energy 

so rces (neither for the ITT nor ATT), electric stoves are not yet in  se and individ al generators have 

basically vanished in all ho seholds. Second, villages formerly powering their local village grids by 

diesel generators might have switched to grid electricity from TANESCO. Here we saw that merely 

one of the 42 r ral control comm nities had a generator-r n micro-grid in place at follow- p, with 

only a single ho sehold in o r sample connected to this micro-grid. 

The third level, and the only relevant level for the ORIO intervention in Tanzania, is the generation 

stage. With a c rrent total electricity prod ction of the three generator sets of 15 mio. kWh per year 

(see Box 4 on page 30), the efficiency gains derived from the new generators of 15 to 19 percent (see 

Section 4.5) translate to relative savings of aro nd 800.000 litres of generator f el per year or 500 

tons of CO2.
49 
This corresponds to the car emissions of 175 D tch ho seholds.

50 
While we see these 

49 
Using the "well-to-tank" emission factor for diesel marketed in E rope of 620 g CO2 per litre (CO2emissiefactoren 

2018). Considering that TANESCO  ses standard diesel in their generators,  sing this val e seems appropriate. 
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smaller gains in relative terms, in absol te terms, the three towns still rely on a similarly s bstantial 

level of environmentally  nfriendly diesel  sed in the generators s pported by ORIO: In Mpanda, 

cons mption slightly increased d e to the 25 percent higher electricity prod ction level in that town 

(see again Box 4). Cons mption decreased in Ngara and Biharam lo, however, not beca se of the 

ORIO intervention b t d e to the connection to the central grid. Finally, while the generators have 

the capacity to make  se of biof els, it is very  nlikely that biof els will become available in the 

project area given the high land press re and risk of food competition (Ecorys-Aidenvironment 

2012). 

The environmental aspects of the dismantling of the old generators co ld not be assessed, since –  p 

to late 2018 – none of them had been f lly dismantled. 

5.3.4. M grat on 

Finally, migration is probably the least reactive indicator among those assessed. It therefore does not 

come as a s rprise that the migration pattern was not affected, meas red by whether any previo s 

ho sehold member migrated (Table 19). Migration is mostly driven by work (partly also seasonal 

work) and st dies, with aro nd 40 percent of migration happening within the same district, aro nd 

ten percent to Dar es Salaam and basically no international migration. 

Table 19: Mig ation 

Baseline (2014) 

Treatment Control 

Follow-up (2018) 

Treatment Control 
ITT ATT PSM 

Any ho sehold member 

migrated, in % 
29 25 38 30 5 -4 -2 

Note Asterisks i dicate that the impact estimates are statistically sig ifica t at the 10, ** at the 5, *** at the 1 per ce t level. 

IIT a d ATT with co trols as well as PSM as specified i  Sectio  3.3.1. 

5.4. Impact assessment fo  u al mic o-ente p ises 

This section assesses more q alitatively the experienced impacts of electrification on r ral micro-

enterprises based on a n mber of semi-str ct red interviews with local entreprene rs, comm nity 

leaders and field observations. This information is complemented by data on enterprise creation and 

connection rates among enterprises elicited at comm nity level. 

5.4.1.Enterpr se ava lab l ty and creat on  n the commun t es 

We first show some data on the main micro-enterprises in the interviewed comm nities and to what 

extent there were changes in the str ct re from the baseline sit ation compared to the follow- p 

sit ation (see Table 20). Kiosks are still the most widespread micro-enterprise type. They are fo nd in 

virt ally all of the comm nities and the average n mber per s b-village has even gone  p from 16 to 

22. Flo rmills, resta rants, tailors, bars and carpenters are similarly among the most freq ent 

enterprises to be fo nd in at least three o t of fo r s b-villages. 

Noteworthy is the increase in the n mber of bars and resta rants, from between one and two at 

baseline, to aro nd five per s b-village at follow- p. This co ld signal improved economic conditions 

and res lting demand for am sement along with a change in lifestyle. Yet, it co ld also s ggest a 

50 
Real-world emissions of cars in the Netherlands average aro nd 160 g CO2/km (TNO 2018), while a D tch person 

travels an average of 8000 km per year by car (CBS 2016), with the average ho sehold size being 2.2 (UN 2019). 
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shift at the s pply side away from agric lt re towards service-driven, rather low-skill operations. The 

increase in bea ty salons hints in the same direction. At the same time, man fact ring b sinesses 

s ch as carpenters, b ilders and tailors rather seem to decrease in n mber. In comparison to the 

control comm nities, only sawmills and welders, i.e. enterprises with the largest demand for 

electricity, experienced a significant increase in treatment comm nities (see ITT col mn). Completely 

new enterprises s ch as photocopying are an absol te exception (not shown in the table). 

Table 20: Main mic o-ente p ises in study communities 

Available in 

comm nity, in % 

all comm nities 

Baseline Follow- p 

Average n mber per 

comm nity 

treatment 
ITT 

Baseline Follow- p 

Net share created in 

last two years, in % 

treatment #
ITT

Follow- p 

Kiosk 99 97 18 22 -3.9 4 -5 

Stores 36 32 1 1 -0.3 14 5 

Bars 41 79 1 4 -0.1 4 -11 

Resta rants 36 86 2 5 0.6 -1 -10 

Carpenters 81 76 4 3 -0.7 5 -7 

B ilders 91 73 11 9 -1.2 0 -4 

Tailors 93 81 8 8 1.0 14 0 

Hairdressers 76 62 3 3 -0.6 56 20 

Bea ty salons 13 39 0 1 0.5 21 6 

Flo rmills 85 87 3 3 -0.6 21 -1 

Sawmills 37 28 2 3 2.3* 19 8 

A to workshops 16 25 0 0 0.1 25 -2 

Welder 16 25 0 1 0.3* 66 20*** 

Note  
# 
This ITT does  ot use the Diff-i -Diff setup from Sectio  3.3.1 but rather a cross-sectio al estimatio  usi g the same 

co trol variables but a  outcome (e terprises created i  last two years) that already captures the over-time dime sio . 

Asterisks i dicate that the impact estimates are statistically sig ifica t at the 10, ** at the 5, *** at the 1 per ce t level. 

The last col mns of Table 20 show the share of b sinesses which were created in the two years 

preceding o r two s rveys net of those that were sh t down. For stores this means that – in the 32 

percent of sampled comm nities with stores at follow- p –, 14 percent of these stores were newly 

added in the two years preceding the follow- p s rvey, already acco nting for stores that sh t down. 

The largest increase in newly created b sinesses can be observed for welders and hairdressers, 

followed by a to workshops, flo rmills and bea ty salons. Comparing these changes with the 

co nterfact al in the control comm nities shows that only for welders the increase is significant, 

whereas a to workshops and flo rmills show no difference at all (See ITT
# 
col mn). Despite the 

considerable increase in the average n mber of bars and resta rants in treatment comm nities, their 

ITT are negative, meaning that bars and resta rants have recently been opened  p more freq ently 

in the control comm nities. 

For the micro-enterprises in place, Table 21 shows average baseline and follow- p connection rates. 

Hairdressers, bea ty salons and flo rmills are the enterprises with the highest shares of off-grid 

electricity access (see the col mns Baseline and Follow- p, Control). To the contrary, carpenters and 

b ilders, b t also tailors and stores mostly do not connect even when grid electricity is available. 

Here, the benefits of electric appliances do not seem to o tweigh the investment in the necessary 

appliances. At the same time, we already see high TANESCO grid connection shares at follow- p 

among welders, bea ty salons and hairdressers. When considering the co nterfact al in the control 

comm nities (see col mn ITT), we see that the largest impact on electricity access by the 

intervention is on kiosks, bars and resta rants (beyond flo rmills and a to workshops). This is likely 

d e to the fact that these are the enterprises most centrally located in the s b-villages and th s most 

likely close to the new grid. F rthermore, we have seen above that these categories saw new 
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enterprises coming  p in the past fo r years, which might have directly taken the opport nity to 

connect to the grid. This information is corroborated by the perception of village representatives at 

follow- p: In 52 of 58 treatment comm nities it was perceived that at least one of the micro-

enterprise types was newly created or increased its sales. In most cases this was noted for kiosks (64 

percent), b t also for flo r millers (40 percent), bars (29 percent), and hairdressers (27 percent). 

Table 21: Connection  ates among mic o-ente p ises in study communities, in pe cent 

Baseline (2014) 

Treatment Control 

Follow-up (2018) 

Treatment 

TANESCO other so rce 
Control 

#
ITT

Kiosk 

Stores 

Bars 

Resta rants 

Carpenters 

B ilders 

Tailors 

Hairdressers 

Bea ty salons 

Flo rmills 

Sawmills 

A to workshops 

Welder 

36 32 

0 9 

56 56 

33 29 

0 2 

0 0 

5 3 

84 91 

0 50 

83 83 

20 26 

10 18 

0 40 

54 32 

14 9 

46 32 

37 14 

9 0 

0 0 

11 4 

67 20 

85 10 

51 42 

27 4 

29 6 

92 0 

60 

18 

55 

43 

0 

0 

16 

83 

90 

83 

25 

13 

60 

23*** 

4 

15 

12 

7 

0 

3 

-3 

-

13 

6 

13 

-6 

Note  
# 
This ITT does  ot use the Diff-i -Diff setup from Sectio  3.3.1 but rather a cross-sectio al estimatio  usi g the same 

co trol variables but a  outcome (e terprises created i  last two years) that already captures the over-time dime sio . 

Negative values may imply that co trol sites have merely caught up with the co  ectio  rates at treatme t sites, si ce 

co  ectio  rates obviously ca  ot exceed 100 perce t. Asterisks i dicate that the impact estimates are statistically 

sig ifica t at the 10, ** at the 5, *** at the 1 per ce t level. 

5.4.2.Recap of  mpacts of electr f cat on expected by rural m cro-entrepreneurs 

The interviews in 2014 made it very clear that the micro-entreprene rs had high expectations for 

income and b siness growth once their comm nities wo ld be connected to the TANESCO grid. At 

the time, o r interviewees arg ed that access to electricity can impact their b sinesses thro gh fo r 

possible pathways. These fo r pathways are: (i) cost saving thro gh s bstit tion, (ii) extended 

operation and opening ho rs, (iii) p rchase of electric machinery and appliances to increase 

prod ctivity and b siness proceeds, and (iv) generating new and/ or increased demand. 

As pointed o t in Table 21 above, already at baseline, when comm nities were not yet connected to 

the grid, some enterprises  sed off-grid electricity so rces. Many kiosks, bars, and resta rants  sed 

solar panels. Hairdressers tended to rely on car batteries and solar panels. Flo rmills mostly ran on 

f el. Some sawmills had generators, b t in most cases, they relied on man al labo r. 

Most of the interviewed micro-entreprene rs repeatedly pointed towards the high cost of off-grid 

electricity (see Box 5), which brings  s to o r first channel, namely cost savings. Enterprises that 

originally  sed expensive off-grid electricity so rces might save money since they can s bstit te 

away from f el for the generators. Second, electric lighting was expected to allow the micro-

entreprene rs to extend their operation and opening ho rs. Opening ho rs after s nset co ld be 

f rther enco raged thro gh improved sec rity in the villages, which was repeatedly mentioned as 

another important res lt of electric lighting. However, most enterprises already operated from 8am 

to 8pm. 
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Box 5: Selected  esponses of  u al mic o-ent ep eneu s on the costs of elect icity 

A b sinessman r nning a resta rant in Nt ngamo village abo t the costs of generator  se for his 

b siness: 

“I use 75,000 Tsh for o l to refuel the generator. I need 3 l tres for mus c to operate from 16:00 to 

22:00. Imag ne each l tre  s 2500 TSh, a total of 7500 each day. Th s  s too much, but I have to  ncur 

these costs because w thout electr c ty, we cannot sell any products  n th s restaurant. Even  f not many 

customers are com ng, by play ng mus c and l ght ng you get some of them anyhow.” 

A ward leader from the well-developed village Kas lo, which has a generator, explained: 

“S nce 1997 the source of energy  n the v llage  s an own generator and nearly three quarters of the 

households use th s source of energy for about 5 hours per day. […] Per month  t costs 7000 TSh to 

charge mob le phones and the households or shops pay 50,000 TSh for a fr dge, 20,000 for a TV and 

they nearly need 90,0000 to 200,000 TSh for l ght. Due to these h gh costs for energy and lack of access 

to electr c ty [from the nat onal gr d], small enterpr ses such as carpenters, saloons, and hotels are not 

perform ng well  n the area.” 

A larger seller of agric lt ral prod cts in the village Mb gani, who operated an own minigrid prior to 

electrification, explained: 

“Now I am spend ng 700 TSh for a whole day compared to prev ously 60 000 TSh for only 5 hours.” 

Third, a stable electricity s pply s pposedly incentivizes the p rchase of electric machinery and other 

electric appliances to increase prod ctivity. Especially kiosk owners saw b siness opport nities in 

having a refrigerator to cool soft drinks and other food items. The refrigerators wo ld allow them to 

b y larger stocks of perishable food s ch as fish and meat and keep it for longer time witho t 

perishing. The ordering costs for larger q antities wo ld be lower and the overall availability of 

prod cts wo ld increase. This was expected to  ltimately lead to a price c t of prod cts and an 

increase in sales vol mes and profits for shopkeepers. In terms of new services and prod cts, 

especially bar and resta rant owners hoped that with electricity the broadcast of football matches 

on TV wo ld increase their ret rns. Interestingly, interviewees did not highlight cash or credit 

constraints in connection with getting new machinery and appliances d ring the baseline interviews, 

while d ring o r follow- p, this was the most mentioned bottleneck. 

The fo rth and last channel is abo t local demand, to be more precise, abo t the lack of local 

demand. It remained  nclear, whether electrification wo ld simply shift local demand for goods and 

service within the village towards those entreprene rs who got a connection and co ld therefore 

prod ce at lower prices, faster pace and better q ality. Or, whether new b sinesses wo ld be 

created, which might attract demand from other villages. 

5.4.3. Actual  mpacts of electr f cat on as perce ved by rural m cro-entrepreneurs 

We now confront the fo r impact channels s ggested in the previo s s b-section with the findings 

from o r interviews with local entreprene rs at follow- p. 

Only two of the enterprises that were interviewed at follow- p agreed that they indeed save money 

d e to the grid connection. These two are among the only interviewed enterprises that managed to 

attract a larger share of c stomers from other villages. It needs to be noted, tho gh, that many of 
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the interviewed enterprises only started their operation after the grid connection was established 

and th s had no prior energy costs. 

Many of the other enterprises did already operate from 8am (sometimes they start with s nrise 

aro nd 6am) to 8pm – even witho t electricity or electric lighting. Still, abo t half of the interviewed 

enterprises expanded their ho rs of operation d e to electric lighting. Several interviewees 

mentioned that an important advantage of access to the grid is the possibility to spend time d ring 

the day with their many other activities and open d ring the evening. Opening ho rs are th s more 

of a reference than a r le. Most owners and employees also engage in other activities s ch as 

agric lt re or livestock farming. They c ltivate at least some food prod cts and keep some livestock 

to ens re food sec rity thro gho t the year and to increase their disposable income. 

This shifting of activities across the day was indicated as res lting in more c stomers beca se the 

c stomers also prefer to come in the evening. Yet, the more important impression we gained from 

the interviews was that demand is generally q ite low. Generating new and/ or increased demand is 

therefore diffic lt and not for every enterprise the need arises to allocate additional time towards 

longer opening ho rs. 

The limited demand also has to do with the c stomer base being rather concentrated within the 

enterprises’ comm nities. We enco ntered only two enterprises who stated to attract at least half of 

their c stomers from other villages. One is a veterinary and the other one an entreprene r, who is 

selling digital m sic and movies as well as printing pict res, incl ding passport pict res, for his 

c stomers. These b sinesses are  niq e among the s rveyed enterprises in what they offer. 

Otherwise, the enterprise str ct re tends to be the same across villages, i.e. for most prod cts and 

services there is no need to go to another village. 

Shop and kiosk owners explain that even if they were to add new prod cts to their existing stock 

there wo ld not be s fficient demand. An additional explanation for the general pessimism towards 

the development of demand may be that o r interviews took place d ring a low demand season, i.e. 

at the beginning of the small rainy season. As most villagers generate their income from agric lt re, 

they realize most of it d ring the harvest, which  s ally takes place after the rainy season. In 

conseq ence, the villagers’ demand for other prod cts and services tends to increase after harvest. 

Coming to the last potential impact channel, i.e. increases in electric machinery, the  se of electric 

appliances and machines is still low. Shops, kiosks, pharmacies or tailors often added a radio or TV to 

their b siness in order to attract c stomers. However, it is  nclear whether they co ld also sell more 

prod cts as a conseq ence. Most of the entreprene rs mentioned that they now provide the service 

of charging the villagers’ mobile phones, which is largely appreciated and made  se of. This might 

also res lt in some additional income. When it comes to more expensive appliances, s ch as a 

refrigerator, electric mills, or an electric sawing machine, most b sinesses wo ld like to p rchase 

them b t mention financial constraints as the major s pply-side bottleneck (see Box 6). 

Box 6: Selected  esponses of  u al mic o-ent ep eneu s on financial const aints 

The owner of a carpentry in Kachwamba abo t his expansion plans: 

"If we get the loan, we can expand our bus ness." 

M-Pesa seller in Masemba explained his plans: 

"I need more cap tal because I w sh to buy a computer and open a new stat onery shop." 
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The combination of financial constraints and the lack of potential c stomers leads to a lock-in effect, 

which keeps most small, r ral enterprises from benefitting f lly from grid electricity. Freq ent 

blacko ts add to the shortcoming of potential benefits from electrification. All o r interviewees 

mentioned freq ent o tages often taking place aro nd d sk. Yet, it needs to be noted that there are 

also some s ccess stories as presented in Box 7. 

Box 7: Selected  esponse f om semi-st uctu ed inte views about the positive impacts of a g id connection 

Welder in Nyar temba abo t the importance of electricity for his b siness: 

“If there  s no electr c ty, there  s no bus ness.” 

Owner of a shop, which provides m sic and passport pict res on how important the b siness is for his 

well-being: 

“Because of th s bus ness I do not have to go to bed be ng hungry.” 

Teacher from the village Masemba, who owns stationery shop, s mmarized his sit ation: 

“I am a teacher and th s bus ness  s enough to pay my employee and help myself as well.” 
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6. Impact  esults fo u ban inte vention a eas 

We start o r analysis with assessing whether the existing electricity service act ally improved. This is 

disc ssed in Section 6.1. The s bseq ent s b-sections then show how the changes affected the  se 

of energy so rces and electricity services, expendit res and the c stomers’ val ation of the 

electricity service. 

As o tlined in the methodological section, identifying similar towns for a control gro p was not 

possible. We therefore rely on a simple before-after comparison  sing only s rvey ho seholds and 

enterprises from the three treatment towns Ngara, Biharam lo and Mpanda. For  rban ho seholds 

presented in Section 6.2 and 6.3, we only interviewed connected c stomers, also beca se most 

ho seholds in the considered town areas have grid connections. Regarding  rban enterprises 

disc ssed in Section 6.5 and 6.6, we considered both connected and non-connected enterprises in 

o r sampling strategy. As will be shown, enterprises are mostly connected as well. 

6.1. Quality of elect icity se vice 

In the absence of comprehensive o tage data from TANESCO, we rely on blacko t information 

reported by ho seholds and enterprises. We asked for the 30 days prior to the interviews. Interviews 

for ho seholds and enterprises took place d ring different periods, so both may refer to different 

reliability levels. Indeed, blacko t levels and  se of generators tend to fl ct ate over time (cf. the 

data for Biharam lo and Ngara in Fig re 13), e.g. d e to the rainy season and storms
51
, f el 

availability, changes in the transmission system
52 
, or generator maintenance (more relevant d ring 

baseline). Moreover, ho seholds and enterprises are differently exposed to blacko ts: while 

ho seholds rely on electricity in partic lar d ring evening ho rs, enterprises rather need electricity 

d ring the day. Also remember that Mpanda entirely relies on electricity generated by the two ORIO 

generators, whereas the other two towns are connected to the yet  nderperforming national grid 

and  se the ORIO generators as back- p electricity so rces. 

 rban enterprise interviews Table 22 shows the n mber of blacko ts and the 
 rban ho sehold interviews d ration of the longest blacko t in the month 

preceding the interviews, differentiated by town and 800 

by the ho sehold and enterprise s rvey. This 
700 

information is complemented by data on the 

perception of reliability in Table 23 and Fig re 13 for 
300 

hou s  un 
enterprises and ho seholds, respectively. Generally, a pe  

gene ato  mixed pict re emerges. The clearest concl sion that 200 

and month 

can be drawn is that the reliability in Mpanda 100 

improved significantly. F rthermore, we observe that 
0 

the occ rrence of long blacko ts has decreased 

significantly. In this context, the availability of the 

9 10 11 12 1 2 

2018 2019 

back- p generators plays a role in Ngara and Mpanda Ngara Biharam lo 

Biharam lo. While they are not switched on Figu e 12: Gene ato  use du ing su vey pe iod 

a tomatically, TANESCO  ses them as back- p in case Source ow  represe tatio  

51 
For example, according to the Regional Manager of TANESCO in Kagera, a ca se of power c ts in the past were 

pine trees falling on transmission lines along the electricity grid. Meas res have been taken in the meantime to clear 

stretches along the grid from s ch trees. 
52 
For example, a new A tomatic Voltage Reg lator was installed along the transmission line to Ngara shortly before 

the follow- p s rvey. 
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of longer national grid o tages. Still, these grid o tages  se to be smaller than the o tages previo sly 

experienced with the old generators. The red ction in long-lasting blacko ts is therefore both d e to 

the connection to the national grid and d e to the additional availability of the generators as back-

 p. At the same time, the national grid in the north-western area of Ngara and Biharam lo is – as of 

now –  nreliable and s ffers from freq ent blacko ts. In conseq ence, the freq ency of blacko ts 

has rather increased or remained stable at best in Ngara and Biharam lo, in Biharam lo from a 

worse level in 2014. In partic lar the sit ation d ring peak times seems to have deteriorated, also 

beca se of considerably increased demand. 

Table 22: Blackouts in last 30 days, by dist icts 

Baseline 

Households 

Follow- p Difference Baseline 

Ente p ises 

Follow- p Difference 

(2014) (2018) p-val e (2015) (2019) p-val e 

N mber of blacko ts 

experienced in last 30 days 

Biharam lo 9.4 15.6 0.00*** 26.6 24.6 0.58 

Ngara 3.7 28.5 0.00*** 20.2 22.9 0.33 

Mpanda 7.5 5.2 0.02** 22.7 3.3 0.00*** 

D ration of longest black-

o t in last 30 days, in ho rs 

Biharam lo - 2.4 - 18.7 4.6 0.00*** 

Ngara - 4.8 - 18.2 8.0 0.00*** 

Mpanda - 4.3 - 22.7 9.2 0.00*** 

Note: Asterisks represe t statistical sig ifica ce of the orthogo ality mea  test betwee  2014 a d 2018 observatio s. 

* i dicates that the differe ce is statistically sig ifica t at the 10, ** at the 5, *** at the 1 perce t level. 

Source  If  ot me tio ed otherwise, all data prese ted i  this sectio  refers to the baseli e a d follow-up data collected i  

the co text of this study (see Sectio  3.3.2). 

Table 23: Pe ception of  eliability among u ban custome s at follow-up 

Perceived reliability in 2019 

in comparison to 2014, in % 

Households 

Biharam lo Ngara Mpanda Biharam lo 

Ente p ises 

Ngara Mpanda 

better 94 40 100 83 34 99 

similar 3 4 0 3 4 0 

worse 3 56 0 15 62 1 

Figu e 13: Pe ception of  eliability among u ban households 

2014 
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0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100% 

very satisfied satisfied not satisfied, not  nsatisfied  nsatisfied very  nsatisfied 
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Box 8: Summa y of outcomes of the ORIO inte vention 

ORIO 

intervention 
» 

O tp t and 

Intermediate 

O tcomes 

» Outcomes » 
Impact 

and 

Cost-Benefit 

Elect icity access 

• 1,500 c stomers connected at TANESCO sites s pported by ORIO (as of 

October 2018) 

• among them aro nd 600 enterprises and 130 p blic service facilities 

s ch as schools 

• according to TANESCO, more than 97% of the connections are in the 

domestic  ser tariff category with monthly cons mption below 75 kWh, 

which can also be considered as a c stomers’ poverty indicator 

• at least the same amo nt of connections has been made in the REA sites 

connected to the ORIO-s pported generators and grid 

• this compares to a project objective of 18,500 new connections to be 

achieved 10 years after project implementation 

Reliability 

• reliability of electricity s pply in Mpanda is considered high and 

considerably better than in 2014; here the two ORIO-s pported 

generators operate f ll-time 

• in the other two towns, the generators serve as back- p on a very 

reg lar basis for a so far  nreliable connection to the national central 

grid, especially d ring evening ho rs, which are most critical for 

ho sehold c stomers 

• despite the combination of grid electricity and back- p generators, 

overall reliability of electricity s pply in Ngara has deteriorated 

• reliability is still an iss e for Biharam lo, where the sit ation is perceived 

to have improved from a worse level in 2014 

Sources ORIO I dicator Framework; I terviews with TANESCO headquarter a d district offices, 2018; I terviews with village 

represe tatives, 2018; ORIO (2013) 
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6.2. U ban household p ofile 

O r baseline sample incl ded 300 ho seholds with 1,649 members. D e to s rvey attrition, in 2018 

we co ld re-interview only 250 ho seholds with 1,346 ho sehold members. In the before-after 

comparison that follows, we only consider these 250 ho seholds for which data is available for both 

s rvey ro nds. We start by portraying the sample on the basis of selected socio-economic indicators, 

also to give an idea of the dynamics between the two s rveys ro nds (see Table 24). 

Table 24: Household cha acte istics 

Baseline 

(2014) 

Follow-up 

(2018) 

Diffe ence 

p-val e 

Ho sehold str ct re 

Ho sehold size 5.55 5.38 0.44 

Share of children 0 - 11, in % 26 24.1 0.35 

Share of children 0 - 6, in % 12.4 11.9 0.68 

Characteristics of the ho sehold head 

Female ho sehold head, in % 23.8 26.4 0.50 

Age of ho sehold head 

Sector of activity of primary occ pation 

48.41 52.65 0.00*** 

farming 49.2 36.4 0.00*** 

p blic sector 19 20 0.77 

other market work 

Ed cational attainment 

22.2 28 0.14 

less than primary ed cation completed 13.2 7.2 0.03** 

primary ed cation completed 44 50 0.18 

secondary ed cation - ordinary level 25.2 24.8 0.92 

higher ed cation level 17.6 17.6 1.00 

Ho sehold agric lt re, in % 

Land owners witho t property 83.4 83.7 0.95 

Ho sehold c ltivates land 84.4 80.8 0.29 

Ho sehold keeps livestock 54.4 48.4 0.18 

Note: The p-values refer to statistical sig ifica ce of the orthogo ality mea  test betwee  2014 a d 2018 observatio s. 

Asterisks i dicate that the impact estimates are statistically sig ifica t at the 10, ** at the 5, *** at the 1 per ce t level. 

The ho sehold str ct re did not significantly change over time. Comparing the fig res with the r ral 

ho seholds we observe that – in line with expectations –  rban ho seholds are on average smaller 

and have a lower share of children. Female-headed ho seholds have become slightly more common. 

There are  s ally no spo ses present in these ho seholds, partly beca se h sbands have migrated or 

died, and the women live with their children, sometimes with their parents. 

Altho gh we  se the term “ rban” for the three towns, these co ld as well be described as r ral 

centres and have not m ch in common with what one might relate to the term “ rban” in a deve-

loping co ntries context. In line with this, farming is still a very important so rce of income, even 

tho gh one observes a significant decrease over time. This goes along with an increase of ho sehold 

heads r nning a b siness or being employed in the private sector. The percentage of people working 

in the p blic sector has not changed. These are mainly teachers, policemen and n rses. 

In Table 25, we additionally show expendit re and income information. We consider the six core 

expendit res food, water, schooling, telecomm nication, traditional energy and electricity. Among 

these, food clearly occ pies the highest share as we have already seen for r ral areas. The table also 

provides a q alitative income assessment by looking at the ho seholds’ perception, which has 

deteriorated from 2014 to 2018. In 2018, 62 percent of ho seholds considered their income as 

ins fficient compared to 49 percent in 2014. Relatedly, Fig re 14 depicts the ho seholds’ perception 
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of the general living conditions in their family and comm nity in comparison with the sit ation three 

years ago, differentiated by the three towns. Ho seholds in Ngara seem to perceive the living 

conditions better than in other towns (despite the worse level of electricity reliability). Nevertheless, 

ho seholds in all regions assess living conditions in 2018 more pessimistic than d ring the baseline 

s rvey ro nd. 

Table 25: Household expenditu es and income 

Baseline 

(2014) 

Follow-up 

(2018) 

Diffe ence 

p-val e 

Share of expendit re categories in ann al 
# 

core expendit re , in % 

food (incl ding resta rants) 

water 

telecomm nication 

schooling 

57.1 

3.1 

7.4 

17.7 

60.5 

4.2 

4.5 

13.9 

0.06* 

0.00*** 

0.00*** 

0.03** 

Ann al core expendit res, in TSh 
3,808,300 

(2,104,300) 

3,185,600 

(2,178,100) 0.00*** 

Perception of ho sehold’s income, in % 

s fficient 

tight 

ins fficient 

17 

34 

49 

12 

26 

62 

0.09* 

0.07* 

0.00*** 

Note: 
# 
Core expe ditures i clude food, water, telecommu icatio , schooli g, traditio al e ergy a d electricity. E ergy a d 

electricity expe ditures are covered i  the  ext sub-chapter. Sta dard deviatio s i  brackets. The p-values refer to statistical 

sig ifica ce of the orthogo ality mea  test betwee  2014 a d 2018 observatio s. Asterisks i dicate that the impact 

estimates are statistically sig ifica t at the 10, ** at the 5, *** at the 1 per ce t level. 

Figu e 14: Pe ception of living conditions compa ed to 3 yea s ago situation by  egions, in pe cent 

6.3. Effects on ene gy se vice p ovision among u ban households 

6.3.1. Electr c ty access 

O r sample of TANESCO ho sehold clients in town has been connected to the grid for on average 8.7 

years at follow- p in 2018. There is hardly any other so rce of electricity  sed by the  rban 

ho seholds: 249 o t of 250 sampled ho seholds were connected to TANESCO in both s rvey ro nds, 

three ho seholds  sed private generators in 2014 while in 2018, five solar panels and one individ al 

generator were  sed. These alternative electricity so rces are mainly kept as back- p so rces in case 

of blacko t. 

Electricity cons mption has increased only slightly in that we observe few more people with 

cons mption levels exceeding 75 kWh per month at follow- p compared to baseline (Fig re 15). 

57 



 

  

   

              

               

                

          

         

  
 

 

 

 

 

 

   

 

 

 

 

 

          

           

          

            

           

            

     

    

  
   

            

 
 

                    

               

                  
 

       

 

 

               

                 

               

                 

  

             

                 

              

             

               

 

      

6.3.2. Appl ance usage 

Urban ho seholds own considerably more appliances than those in the r ral areas. Changes over 

time can primarily be observed in key appliances (mobile phones, TV and radio), whereas ownership 

of electric irons, fridges and stoves stagnated (Table 26). Similar to other electrified regions in Africa, 

 se of electric stoves remains partic larly low at six percent. 

Table 26: Appliance owne ship, in pe cent, and lighting usage 

Baseline Follow-up Diffe ence Baseline Follow-up Diffe ence 

(2014) (2018) p-val e (2014) (2018) p-val e 

Phone mobile 90 95 0.04** TV 75 91 0.00*** 

landline 5 1 0.01*** Satellite receiver 58 62 0.32 

Radio battery 14 8 0.02** Electric fridge 24 26 0.47 
#

bivalent 37 8 0.00*** Electric stove 5 6 0.70 

line power 38 57 0.00*** 

Iron charcoal 46 29 0.00*** 

Daily ho rs of 

artificial light 
40.4 62.0 0.00*** 

electric 52 56 0.42 Daily l men ho rs 30,216 42,210 0.00*** 

Note: 
# 
bivale t refers to radios that ca  be ru  both with batteries a d grid electricity (li e power). The p-values refer to 

statistical sig ifica ce of the orthogo ality mea  test betwee  2014 a d 2018 observatio s. Asterisks i dicate that the 

impact estimates are statistically sig ifica t at the 10, ** at the 5, *** at the 1 per ce t level. 

Figu e 15: Monthly elect icity consumption, in kWh Figu e 16: Households’ p ima y light sou ces 

100 

80 

60 

% 

40 

20 

0 

Electric LED Traditional 

Baseline (2014) Follow- p (2018) 

The share of ho seholds that employs some of their appliances for home b sinesses or home 

prod ction is low at baseline and follow- p and rather seems to have decreased (from 14 to eight 

ho seholds). In most of these cases, ho seholds  se their mechanic or electric sewing machines to 

make goods for the market. B t also, refrigerators, an iron, a so nd system and a comp ter serve 

non-private  ses. 

Electric lighting almost completely replaced all alternative lighting devices as the dominant lighting 

so rce (Fig re 16). There is a significant increase in the total ho rs of artificial light cons med by 

ho seholds (see again Table 26). D e to  sage of better-q ality lighting devices, l men ho rs 

increased even stronger. These lighting patterns are also dependent on income levels: poorer 

ho seholds changed their lighting habits less than richer ho seholds (not shown in the table). 
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6.3.3. Use of d fferent energy sources and expend tures 

As for the r ral sample, electricity strongly crowds o t traditional energy so rces. We now also show 

energy  se data for the lowest and highest expendit re q intile, i.e. for the 20 percent of poorest 

and wealthiest ho seholds according to expendit res (Table 27). While a large share of ho seholds 

 sed kerosene and dry-cell batteries in 2014, this share dropped to six percent (kerosene) and nine 

percent (dry-cell batteries). Irrespective of electricity, LPG has become m ch more  sed among 

ho seholds, especially among wealthier ho seholds, even tho gh all ho seholds remain strongly 

dependent on charcoal. 

Charcoal also takes the lion’s share in energy expendit res, which p t a partic lar b rden on poorer 

ho seholds, who spend more than 15 percent of their core expendit res on traditional energy, 

compared to six percent for the richest q intile. Similarly, poorer ho seholds spend more on 

electricity than richer ho seholds, who even experienced a borderline significant decrease in the 

share of electricity in their core expendit res. The overall increase in the share of traditional energy 

expendit res in core expendit res can be explained by the strong increase in LPG  sage. 

Table 27: Use of ene gy sou ces, by expenditu e quintiles 

Baseline 

(2014) 

All households 

Follow- p Difference 

(2018) p-val e 

Lowest expenditu e 

quintile 

Baseline Follow- p 

(2014) (2018) 

Highest expenditu e 

quintile 

Baseline Follow- p 

(2014) (2018) 

Use at least once in last 

30 days, in % 

kerosene 44 8 0.00*** 37 7 49 11 

dry-cell batteries 40 11 0.00*** 13 16 42 8 

LPG 6 28 0.00*** 8 11 9 51 

wood 38 37 0.82 62 60 26 29 

charcoal 88 88 0.78 80 75 94 100 

Share of expendit res 

on kerosene for lighting 

and for batteries in 

core expendit res, in % 

Share of traditional 

0.8 0.1 0.00*** 1.4 0.3** 0.5 0.1*** 

energy in core 

expendit res, in % 

Share of electricity in 

10 12 0.01** 16 15 6 7 

core expendit res, in % 
5 5 0.97 9 7 3 2* 

Note: The p-values refer to statistical sig ifica ce of the orthogo ality mea  test betwee  2014 a d 2018 observatio s. 

Asterisks i dicate that the impact estimates are statistically sig ifica t at the 10, ** at the 5, *** at the 1 per ce t level. 

6.4. Impact assessment fo u ban households 

Potential impacts among the  rban beneficiaries of the ORIO intervention generally are less tangible 

than those for the new-access c stomers in r ral areas. When asked abo t advantages and 

disadvantages of being connected to reliable electricity, most ho seholds mention a red ction in 

costs compared to traditional energy so rces (see also Table 27 above), or increase in convenience. 

For example, d e to the lack of other electricity so rces, most ho seholds have to rely on traditional 

energy so rces in case of blacko ts s ch as battery or mobile phone torches. 

To ga ge the improvements experienced by  rban ho seholds, we asked them for their willingness 

to pay (WTP) for f lly reliable electricity access. One wo ld expect that this WTP decreased over time 
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if act al reliability levels improved, and vice versa – a ho sehold that already enjoys reliable 

electricity s pply is willing to spend less to eliminate blacko ts entirely. Specifically, we asked for 

ho seholds’ WTP as follows: 

“C rrently yo r electricity so rce is  nreliable; yo experience freq ent blacko ts and low 

voltage. Imagine yo co ld have an electricity connection that enables yo to always  se 

electricity 24 ho rs a day witho t interr ptions. Wo ld yo be willing to pay additional 2,000 

TSh each month to get this better service? 

Please consider yo r real b dget, that means yo r reven es and all other expenses yo have 

to pay each month. Please note that yo r answer does not have any effect on any real prices. 

So wo ld yo be willing to pay the 2,000 TSh each month to get this better service?” 

If ho seholds agreed that their WTP was 2,000 TSh, i.e. aro nd one E ro, they were asked whether it 

was also of higher amo nt, otherwise we asked for a lower amo nt, in order to event ally come  p 

with a WTP val e for each ho sehold. Considering the res lts presented in Table 28, the WTP for 

stable electricity has decreased over time. Whereas in 2014, 16 percent of ho seholds were  nwilling 

to pay any money for improved electricity s pply, this share was at 31 percent in 2018. Average WTP 

fell significantly from 3,440 TSh to 1,660 TSh per month (1.6 and 0.6 E ro, respectively), or – p t in 

relation with core expendit res – from 1.3 percent to 0.9 percent. This WTP decrease seems to 

indicate that ho seholds are generally more satisfied with act al level of electricity and reliability. 

This arg ment is s pported by the increased satisfaction with reliability of TANESCO electricity as 

already exposed in Section 6.1. 

Table 28: Willingness-to-pay fo  stable elect icity supply 

Baseline Follow-up Diffe ence 

(2014) (2018) p-val e 

Monthly willingness-to-pay for stable 

electricity s pply, in % 

0 TSh 16 31 

less than 2,000 TSh 13 14 
0.00*** 

2,000 to less than 5,000 TSh 53 52 

5,000 TSh or more 18 3 

average, in TSh 3,440 1,660 0.00*** 

(370) (100) 

as share in core expendit res, in % 1.3 0.9 0.00*** 

Note: Sta dard deviatio s i  brackets. The p-values refer to statistical sig ifica ce of the chi
2 
a d 

orthogo ality mea  test betwee  2014 a d 2018 observatio s. Asterisks i dicate that the impact 

estimates are statistically sig ifica t at the 10, ** at the 5, *** at the 1 per ce t level. 

Disaggregating the data by town, we see that the share of people  nwilling to pay any money for 

improved electricity s pply does not differ strongly across towns. This share may rather reflect a 

general  nwillingness to pay for more reliable electricity access, be it, beca se ho seholds consider 

this as a core d ty of TANESCO that sho ld not be additionally paid for or beca se ho seholds do bt 

TANESCO’s capacity to improve the sit ation, even with more tariff receipts available. To the 

contrary, average WTP levels differ across towns in line with perceived reliability levels: with WTP 

being on average eq ivalent to 1.2 percent of core expendit res, it is highest in Ngara, compared to 

0.8 percent in Biharam lo and 0.7 percent in Mpanda. 

We additionally approached the q estion of changes in electricity reliability in a second manner: we 

first asked respondents whether they agreed that the reliability of the electricity s pply has 

improved compared to the time of o r previo s visit in 2014 (see again Section 6.1). We then asked 

those who stated that reliability has improved whether they wo ld be willing to accept the worse 
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level of 2014 if we paid them 2,000 TSh each month, i.e. we elicited their so-called w ll ngness to 

accept (WTA). Conversely, we asked those who stated that reliability has not improved whether they 

wo ld be willing to pay additional 2,000 TSh per month to get these better services from 2014. We 

find that 77 percent of ho seholds are not willing to accept any payment to get worse reliability, the 

remainder mostly being willing to accept an amo nt below 3,000 TSh per month. The WTP q estion 

merely applied to 44 respondents, the majority coming from Ngara, and – similar to what we fo nd 

above – almost half of them declared to be  nwilling to pay for getting better services. 

To concl de, we see some val ation for improved electricity services, red ctions in this val ation 

indicating improvements in the reliability over the project cycle and a strong  nwillingness to accept 

a worsening of electricity reliability. 

6.5. U ban ente p ise p ofile 

In this section we present descriptive statistics for a total of 327 SMEs from the three s rveyed 

towns, Ngara, Biharam lo and Mpanda, which were s rveyed in both s rvey waves. The SMEs are 

categorized into Trade, Serv ces, Manufactur ng and M n ng. Trade is defined as SMEs which sell 

goods or merchandise that do not involve their transformation. Serv ces are SMEs which foc s on 

serving the c stomer rather than transforming or j st selling physical goods, and Manufactur ng is 

the prod ction (or maintenance) of merchandise for  se or sale  sing mainly labo r and machines or 

tools. It can be expected that this classification does not only provide a differentiation of the core 

activities of the enterprises b t also strongly determines their energy needs: trade  s ally only 

req ires electric lighting and maybe a refrigerator, services typically rely on some sort of devices and 

man fact ring often req ires machines with high energy demand. 

Table 29: Basic st uctu e of the ente p ise 

N mber of enterprises 

N mber of enterprises that changed sector between 2015 and 2019 

Year of fo ndation, in % before 2000 

2000 - 2011 

2012 - 2014 

B siness is proprietary, in % 

Member of b siness association, in % 

Male enterprise owner, in % 

Age of enterprise owner, average 

Ed cation of enterprise less than primary completed 

owner, in % primary completed 

high school 

vocational training 

higher ed cation 

At least three years of b siness experience at baseline, in % 

T ade Se vice Manufactu ing 

102 105 120 

3 3 3 

10 8 12 

44 48 49 

46 43 39 

96 92 91 

31 28 17 

75 68 86 

40.1 43.0 43.3 

(9.5) (12.2) (10.6) 

13 8 13 

48 37 50 

28 33 24 

3 4 7 

9 19 6 

73 78 83 

Note Sta dard deviatio s i  brackets. 

Some enterprises perform activities that q alify for more than one of the SME categories, s ch as 

stationary shops that also offer photocopying services. We classify SME according to their main 

activity, based on an assessment of the b siness by the en merators and the entreprene rs 

themselves. After some reclassifications, there are in total 102 enterprises in trade, 105 in services, 

and 120 in man fact ring (Table 29). Main enterprises in trade are mixed cons mer goods shops, 

small kiosks, clothes shops and shops selling hardware and drinks, b t the category also incl des 

61 



 

               

           

             

          

               

            

                 

           

              

                

               

              

               

              

      

              

                

               

                   

               

             

                   

  

     

          

          

              

             

    
 

 

 

 

 

   

 

 

 

 

 

 

     

   
   

 
   

         

        

          

          

          

           

     

 

 

         

                

                

            

              

               

more specialized shops like CD and cosmetics shops. Service providers fo nd in the sample are 

mostly g est ho ses, barbers, photocopying, pharmacies, bea ty salons, and resta rants. Finally, 

man fact ring is less diversified and is concentrated to mills, tailoring, carpentry and welding/ 

garages. Merely nine enterprises changed sector between 2015 and 2019. 

Many of these enterprises were established in the last decade. Table 29 additionally presents the 

ownership str ct re and b siness association membership as two indicators of how established 

these enterprises are. Note that these b siness associations are mostly on the local level. There is no 

s bstantial difference between sectors in term of b siness association membership. Similarly, 

ownership str ct re of the sampled enterprises is very similar in all sectors. Information on 

enterprise owners in the table makes clear that there are more male than female enterprise owners 

in all sectors. Female entreprene rs are more active in trade and services sectors than in 

man fact ring. Most entreprene rs are experienced in their b siness with 73 to 83 percent of 

entreprene rs already being active in the respective b siness for at least three years at baseline. 

While most of the entreprene rs have completed primary level of ed cation, those involved in 

services tend to be most ed cated. 

Table 30 adds information on how the enterprises r n their operation, now differentiating between 

baseline and follow- p. Most owners have only one b siness and the average workforce in the SMEs 

is relatively small. This is especially tr e for trade b sinesses, where half the enterprises were 

witho t employees in 2015. In 2019, still 38 percent were r n by owners only. It has to be noted 

tho gh that this sector involves freq ent o t and in of employees d ring a calendar year. 

Man fact ring firms tend to employ more people, while both enterprise types rarely employ 

women. In contrast, the service sector is not only more often r n by women, half of the workforce is 

female. 

Table 30: Ente p ise business info mation 

Baseline (2015) 

T ade Se vices Manufactu ing 

Follow-up (2019) 

T ade Se vices Manufactu ing 

Owner has another b siness, in % 23 30 18 16 27 18 

Enterprises witho t employees, in % 53 19 28 38 15 30 

Average n mber of employees 
1.1 2.8 2.6 1.3 2.7 4.3 

Share of employees by employee 

category, in % 

(2.4) (2.9) (3.6) (2.6) (4.8) (22.9) 

family members 39 18 15 55 12 20 

Apprentices 2 1 12 0 2 12 

male employees, permanent 28 31 46 22 24 45 

male employees, temporary 20 11 24 15 18 19 

female employees, permanent 10 32 1 4 34 2 

female employees, temporary 1 8 2 4 10 3 

Note Sta dard deviatio s i  brackets. 

6.6. Effects on elect icity se vice quality among u ban ente p ises 

With a few exceptions, all sampled enterprises are connected to the TANESCO grid (Table 31). The 

main reasons for not being connected are the inability to afford the initial connection charges and 

electricity bills. Many non-connected enterprises also stressed that they recently req ested a 

TANESCO connection. What is more, 25 percent of non-connected SMEs at follow- p stated that 

their operation does not need electricity, compared to only 5 percent at baseline. The table 
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f rthermore shows that electric lighting is the most common and most intensely  sed appliance 

type. F rther appliances  sed are entertainment devices (most common among service enterprises) 

and machines (among man fact rers). Internet connectivity is still low. 

Table 31 additionally shows that electricity cons mption patterns have not changed over time: there 

is basically no difference in the amo nt of electricity cons med. Cons mption is highest among 

man fact ring and lowest for trade. While still aro nd 10 percent of enterprises were charged post-

paid in 2015, basically all enterprises have a pre-paid meter in 2019. Enterprises are seldom witho t 

credit on the prepaid meter and if so, they recharge their prepaid meter immediately, on average 

within two days. There are slight differences in the act al price paid for electricity between the 

enterprise sectors that are d e to the increasing block tariff str ct re applied by TANESCO according 

to which per kWh prices increase if certain cons mption thresholds are exceeded, with 75 kWh being 

the lowest threshold. Note that the level of prices per kWh decreased between 2015 and 2019. 

Table 31: Ente p ises’ elect icity use 

T ade 

Baseline (2015) 

Se vices Manufactu ing 

Follow-up (2019) 

T ade Se vices Manufactu ing 

Connection to electricity grid, in % 95 96 88 97 98 89 

Average d ration of electricity 65 59 74 98 96 110 

connection, in months (63) (67) (64) (66) (55) (73) 

Non-shared electricity connection, in % 77 78 81 94 94 92 

Main appliances  sed, in % 

Electric lighting 

Telephone (fixed line) 

Radio or so nd system 

TV (colo r) 

Fan 

Internet 

Monthly electricity cons mption, in 

kWh 

Monthly expendit re on pre-paid 

electricity, in TSh 

Price paid per kWh on prepaid system, 

TSh 

Witho t electricity in the last two 
#

months beca se of missing credit , in % 

average n mber of days witho t 
#

electricity

95 

7 

54 

41 

20 

6 

125 

(195) 

34,530 

(52,870) 

377 

(304) 

-

-

96 85 

11 1 

50 23 

57 7 

33 2 

6 6 

150 290 

(215) (470) 

45,700 96,730 

(57,520) (192,590) 

404 442 

(253) (317) 

- -

- -

97 96 85 

1 3 1 

34 25 13 

25 45 5 

20 26 4 

10 9 6 

125 155 315 

(245) (425) (580) 

33,005 42,955 120,440 

(53,265) (61,005) (222,080) 

275 326 332 

(142) (174) (126) 

13 7 6 

2.3 3.8 1.5 

(1.0) (5.1) (0.5) 

Note Sta dard deviatio s i  brackets. 
#
questio s  ot asked at baseli e 

How do enterprises cope with  nreliable electricity access? A main coping strategy shown in Table 32 

is to  se back- p electricity so rces. The share of enterprises owning s ch so rces has decreased 

from 22 to 16 percent, mostly driven by enterprises in Biharam lo and Mpanda where reliability has 

improved. Main back- p so rce are individ al generators. The share of enterprises with a generator 

went down from 18 to 10 percent, in this case mostly driven by trade enterprises. They prefer solar 

power in 2018 d e to their lower power req irements. The decrease in the more electricity-reliant 

service and man fact ring sectors is very modest. Here generators made  p 90 and 88 percent of 

back- p electricity facilities at baseline and still 85 and 80 percent at follow- p, respectively. 

The table also lists additional coping strategies in case of blacko ts. Responses differ across the three 

sectors: For trade enterprises blacko ts apparently do not pose major problems. Aro nd 70 percent 

of trade enterprises simply contin e normal operations (which may, nevertheless, imply less 
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c stomers or other negative implications) and another aro nd 20 percent switch to activities that do 

not req ire electricity. Merely 2 and 12 percent of trade enterprises mentioned to stop operations 

 ntil electricity s pply is res med at baseline and follow- p, respectively. Electricity again proves to 

be more essential for the prod ction process for service and, in partic lar, man fact ring 

enterprises, something also observed in Grainger and Zhang (2017): 16 percent of service companies 

had to stop their operations (37 percent at follow- p) and this n mber was even higher for 

man fact ring companies at 39 percent (52 percent at follow- p). Still, over 60 percent of service 

companies and abo t half the man fact ring companies either contin e their operations or engage 

in non-electric operation. The majority of companies in both sectors th s seems to be able to deal 

with blacko ts in a rather smooth way, even tho gh dealing with blacko ts became less smooth in 

2019. The share of enterprises stopping their operation  ntil electricity s pply is res med increased 

thro gho t all sectors. A shift in operation ho rs does not seem to be an option to cope with 

shortages. 

Beyond blacko ts, voltage fl ct ations (browno ts) are another problem of  nreliable electricity 

s pply. Only aro nd 23 percent of enterprises had an electricity stabilizer at baseline, 12 percent at 

follow- p. As a conseq ence, aro nd 40 percent of enterprises have already experienced appliance 

damages, most often with TV sets b t also with fridges, light b lbs and motors among others. 

Table 32: Elect icity inte  uptions and coping st ategies of ente p ises 

T ade 

Baseline (2015) 

Se vices Manufactu ing T ade 

Follow-up (2019) 

Se vices Manufactu ing 

Availability of back- p facility, in % 

total 19 40 8 16 26 6 

Biharam lo 17 35 5 14 12 4 

Ngara 17 28 7 18 24 14 

Mpanda 22 55 9 17 38 4 

Type of alternative electricity so rces, 

in % 

Individ al generator 50 90 88 33 85 80 

solar power 

car batteries or other rechargeable 

29 5 0 67 12 20 

batteries 
21 5 12 0 4 0 

Coping strategy in case of electricity 

blacko t, in % 

Contin e normal operations 70 52 24 67 45 33 

Engage in non-electric operation 21 18 31 17 16 15 

Shift ho rs of operation 3 2 3 0 0 0 

Stop b siness  ntil res med 2 16 39 12 37 52 

Other 

Ownership of electricity stabilizer 

4 11 3 4 2 0 

among TANESCO clients, in % 

Experienced appliance damages d e to 

19 30 19 14 12 11 

blacko ts, in % 
40 38 45 33 53 34 

6.7. Impact assessment fo u ban ente p ises 

We assess firms’ WTP to ga ge the val e the firms assign to reliable electricity. This is to approximate 

the aggregate impact that a reliability improvement intervention may achieve – e.g. on convenience 

and adaptation costs (see also Section 3.3.1). The q estion we posed is analogo s to the one asked 

to  rban ho seholds (see Section 6.4). Table 33 depicts the res lts of a two-part model, where the 
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WTP divided by c rrent monthly electricity expendit res is the dependent variable. We th s do not 

explain the absol te val e of the WTP b t the WTP as a share of electricity expendit res in order to 

acco nt for largely different electricity cons mption patterns across enterprise types (see last 

section). The left col mn (Part 1) shows in how far different factors correlate with whether an 

enterprise report a positive WTP (or instead chose to state a zero WTP). The right col mn (Part 2) 

depicts the size of the effect on WTP given that the reported WTP is positive. 

In both parts, correlations of WTP with potentially relevant factors are assessed. These factors 

comprise the freq ency of blacko ts of different d rations reflecting the level of c rrent reliability, 

enterprise characteristics – incl ding the location, enterprise type and tariff level – as well as 

entreprene r characteristics. The presented coefficients can be interpreted in the following manner: 

with each blacko t more lasting more than three ho rs, entreprene rs are 12 percentage points 

more likely to report a positive WTP for reliable electricity, whereas the bare n mber of blacko ts 

rather makes entreprene rs slightly more likely to report a zero WTP (see the first coefficient of -

0.030 in Part 1). The coefficients in the right col mn imply, for example, that the same additional 

occ rrence of a blacko t lasting more than three ho rs makes the entreprene r to increase her/his 

WTP eq ivalent to 0.7 percentage points of the electricity bill. 

Having a back- p electricity so rce at disposal increases the likelihood of reporting a non-zero WTP 

(altho gh this increase is statistically only borderline significant). This is  nderstandable given these 

enterprises experience act al costs with blacko ts and likely depend more heavily on reliable 

electricity. Co nterint itively, c stomers in higher-cons mption tariff levels are less likely to report a 

positive WTP. In line with expectations, enterprises in Ngara and partic larly Biharam lo have a 

significantly higher WTP than enterprises in Mpanda, altho gh they are less likely to report a positive 

WTP in the first place. The sector type of the enterprise does not show any significant coefficients. 

Note that this, however, does not r le o t that man fact ring firms have a higher WTP in absolute 

terms, given that they cons me more electricity so that a 1 percentage point increase for 

man fact ring firms implies a higher WTP than a 1 percentage point increase for service or trade 

firms. 

Among the entreprene r characteristics, the asterisks indicate that only a higher ed cation is 

significantly related to whether the entreprene r has a positive WTP for reliable electricity. Here, the 

higher ed cated entreprene rs are considerably less likely to report a positive WTP. 

To concl de, there is a mixed pattern related to the likelihood of stating a non-zero WTP in the first 

place, which may also be affected by factors s ch as tr st in TANESCO or regional differences in the 

b siness c lt re, for example. The clearest pattern that emerges is that WTP increases both in terms 

of non-zero WTP and in terms of size for longer-lasting blacko ts (more than three ho rs). It has to 

be noted, tho gh, that enterprises reported merely 0.9 occ rrences in a normal week of s ch long-

lasting blacko ts. Given the rather small observed coefficients, we therefore do not find evidence for 

a high val ation of grid reliability among enterprises based on the adopted WTP approach. 
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Table 33: U ban ente p ises’ WTP dete mined by two-pa t model estimations 

Part 1 

Binary Probit 

Part 2 

OLS 

# of blacko ts per week -0.030*** 0.007 

(0.000) (0.320) 

# of blacko ts lasting more than 3h 0.122*** 0.007* 

(0.000) (0.064) 

Enterprise possesses a back- p 0.339 -0.019 

electricity so rce (0.128) (0.295) 

TANESCO tariff level 

D1 (domestic  sers) 

T1 (small b siness) 

T2 (light ind strial) 

T3 (heavy ind stry) 

Location 

Mpanda 

Ngara 

Biharam lo 

Enterprise type 

trade 

services 

man fact ring 

# of employees 

Enterprise created after 2015 

Reference case 

-0.190 

(0.612) 

-0.456** 

(0.024) 

-1.237*** 

(0.000) 

Reference case 

-0.380* 

(0.084) 

-0.426** 

(0.011) 

Reference case 

0.377 

(0.268) 

0.148 

(0.305) 

0.009* 

(0.087) 

-0.842*** 

(0.000) 

Reference case 

-0.025*** 

(0.000) 

-0.058 

(0.288) 

0.019 

(0.659) 

Reference case 

0.013 

(0.742) 

0.072*** 

(0.013) 

Reference case 

-0.008 

(0.594) 

0.007 

(0.852) 

-0.000*** 

(0.028) 

0.017 

(0.717) 

Ed cation of entreprene r 

less than primary ed cation 

primary ed cation completed 

high school 

vocational training 

higher ed cation 

Constant 

Reference case 

-0.343* 

(0.092) 

-0.238 

(0.564) 

0.449 

(0.276) 

-0.439*** 

(0.000) 

2.040* 

(0.055) 

Reference case 

0.030 

(0.627) 

0.035 

(0.685) 

0.019 

(0.348) 

0.048 

(0.541) 

0.092 

(0.509) 

N mber of observations 331 178 

Note: The estimatio s additio ally co trol for the ge der, age a d squared age of the e trepre eur a d whether the 

i terviewee is the e trepre eur or a ma ager of the e terprise. p-values i  brackets. The p-values refer to statistical 

sig ifica ce of the respective coefficie t. Asterisks i dicate that the impact estimates are statistically sig ifica t at the 10, ** 

at the 5, *** at the 1 per ce t level. 
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7. Cost-Benefit Analysis and sustainability of the ORIO activities in Tanzania 

This section p ts the medi m-term impacts presented above in the context of the long-term project 

cycle of this infrastr ct re intervention. It thereby also addresses the s stainability of the ORIO 

activities in Tanzania. A starting point for this disc ssion is the cost-benefit analysis (CBA) prepared 

for the project in 2012 (Ecorys-Aidenvironment 2012). This CBA came to the concl sion that the 

project was commercially not viable, b t economically it was. In addition, it was considered 

financially s stainable. The different assessments and concl sions can be explained as follows: for 

the analysis of economic instead of commercial viability, the (economic) benefit was not determined 

by receipts according to the ass med f t re TANESCO tariffs, b t by means of c stomers’ so-called 

affordab l ty to pay (ATP) per kWh of electricity, referring to the ass med val ation of electricity by 

the pop lation. The financial s stainability additionally acco nted for the ORIO grant, the matching 

grant from the government and cross-s bsidies by TANESCO (from hydropower with its low variable 

costs). This contrib tion was calc lated to make  p 61 percent of total project financing over the 

expected technical life cycle of the proc red goods of 30 years, while the ORIO grant contrib ted 

fo r percent. Even when excl ding the 31 percent covered by c stomer payments for electricity, the 

ORIO contrib tion wo ld only amo nt to six percent. 

Considering the main ass mptions  nderlying these calc lations, two factors t rned o t to develop 

more favo rably, and two less favo rably than expected. Compared to the ass mptions  nderlying 

the previo s CBA… 

+ tariffs were in fact 66 to 90 percent higher in year 1 of the project, depending on tariff 

category; 

+ f el prices are aro nd 20 percent lower so far; 

- f el cons mption per kWh of the new generators is 33 to 67 percent higher  p to date, 

depending on project site; 

- act al electricity prod ction in 2018 was half the prod ction expected for year 1. 

Even more importantly, two of the generator sets serve as back- p electricity generation facilities 

only, with the third site potentially being connected to the national grid in a co ple of years as well. 

In addition, REA additionally contrib ted to the project thro gh connection s bsidies and 

complementary grid extension efforts. Finally, f t re maintenance may not follow the initial planning 

given that the O&M phase of the project has been cancelled. 

Against this backgro nd, it seems inappropriate to redo a q antitative cost-benefit analysis of the 

ORIO Tanzania project at this stage. Instead, the following disc ssion addresses the o tlook for three 

main aspects that are critical for how project costs and benefits will stand against each other in the 

long term: (i) generators, (ii) transmission and distrib tion network and (iii) grid connection n mbers. 

Similar to the initial appraisal exercise in Ecorys-Aidenvironment (2012), s ch an assessment remains 

partly spec lative and has to acknowledge the dynamics of the (politicized) electricity sector. 

Outlook for the ORIO generators 

The two ORIO generators in Mpanda can be expected to serve as primary electricity 

generation  nits in the area for the coming years, since the national grid is  nlikely to 

reach the area before 2024 (see Box 9). D e to considerable demand increases, TANESCO even 

added a third generator from nearby Loliondo (a 1.25MW ABC generator as well), where it was 

standing idle and a second generator from there may follow later.
53 

53 
Information retrieved in interview with TANESCO headq arter, 2018 
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Box 9: Cu  ent developments in the national elect icity secto  

Two developments in the Tanzanian electricity sector are of partic lar importance when it comes 

to r ral electrification: the c rrent phase of the r ral electrification scheme, REA III, and large 

transmission network extension projects. 

The third phase of the Tanzanian r ral electrification scheme  nder the aegis of REA, REA III, has 

the ambitio s target of electrifying another 3,500 villages (remember that the electricity grid 

reached 4,400 o t of 12,300 villages by 2018, cf. Section 4.1.1). The first of m ltiple ro nds 

started in 2018. In Kagera region, the region of the sites Biharam lo and Ngara, for example, 132 

among the 312 villages witho t any access to the national grid (among a total of 648 villages) are 

planned to be electrified at least partly d ring the first ro nd of REA III. This ro nd is planned to 

last  ntil J ne 2019, with others intended to follow s it.
i 

At the same time, s bstantial international financial s pport is sec red for transmission network 

expansion and interconnection. In 2018 alone, the World Bank approved f nding for the 

Tanzania-Zambia Transmission Interconnector Project in so thern Tanzania going  p to 

S mbawanga, as well as the Backbone Transmission Infrastr ct re Project in central Tanzania, 

which also involves other donors incl ding the African Development F nd, JICA, EIB and the 

So th Korea Economic Development Co-operation F nd (EDCF). Moreover, AfDB and EDCF 

agreed to provide a loan for the North-West Grid reaching Kigoma, sched led to be completed 

by 2024. Mpanda then forms part of the remaining portion of the North-West Grid between 

Kigoma and S mbawanga of ro ghly 500 km, a project that is still at preparatory phase by AfDB 

and TANESCO with a project appraisal sched led for 2021 (AfDB 2018). 

In the North, a 220kV line is to be mentioned that will connect a new s b-station in Nyakanazi, 

which is abo t 50 km from Biharam lo and Ngara each. The s b-station is being b ilt in the 

context of a three-co ntry hydropower plant at the border to Rwanda and B r ndi, from which 

26.6 MW will go to Tanzania. This connection to an enhanced transmission network, which is 

planned to be in place sometime between 2020 and 2022, can be expected to considerably 

improve electricity s pply in the towns. Additional incremental improvements in the existing 

transmission network are p t in place, s ch as higher-capacity A tomatic Voltage Reg lators. 

i 
I formatio  retrieved i  i terview with Regio al Ma ager of TANESCO i  Kagera, 2018 

The two ORIO generator sets in the North best serve as a bridging back- p technology for a few 

additional years. Electricity s pply is still too intermittent at these sites, b t it can be expected to 

improve considerably in the coming years (see Box 9). It wo ld not be  nderstood politically if the 

generators were removed already now – also given that Biharam lo connects Chato to the national 

grid, the area where the c rrent president John Mag f li comes from. 

Once grid reliability has improved, it is also TANESCO’s intention to relocate the generators in Ngara 

and Biharam lo. They may th s well serve off-grid demand gaps in the mid-term f t re, altho gh the 

prospects are highly  nclear for different reasons. First, this will depend on finding off-grid places 

with geographically s fficiently concentrated demand. Second, TANESCO rather intends to red ce its 

reliance on the highly expensive diesel generators and, third, f rther generators will likely become 

idle d e to the connection of their locations to the national grid, notably Kigoma and S mbawanga 

(see Box 9). Fo rth, renewable technologies have picked  p and the  rgency of minimizing fossil f el 

 se in the energy system and awareness of external costs of their  se increased. Hence, the press re 

to either retire the generators or switch to alternative f els (incl ding solar-diesel hybrid systems) 

will likely increase in the f t re. 
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Outlook for the transm ss on and d str but on network 

The second factor  pon which the long-term effectiveness of the project will hinge is the 

grid network, and here partic larly its maintenance. While the ORIO-s pported grids 

seem to be constr cted  sing higher-q ality material, some iss es occ rred at REA sites with poles 

and transformers.
54 
In both cases, maintenance will become necessary, which cannot be covered by 

ORIO f nds given the O&M phase has been cancelled. 

On the one hand, grid maintenance took only a minor share of aro nd 10 percent of the originally 

proposed Maintenance plan (TANESCO 2011d, p.15). TANESCO may th s face less drastic challenges 

in covering these costs from internal f nds. At the same time, TANESCO is already f lly responsible 

for the maintenance of the rapidly expanding grids of the donor-s pported REA programmes, which 

do not provide for maintenance f nds (see also Cornelissen 2016). Given the government-controlled 

electricity tariffs in combination with low electricity cons mption patterns in r ral areas, maintaining 

the grid in these areas may remain a loss-making operation. Hence, there is some risk that not all 

sections of the grids will be properly maintained. Also considering that the intervention sites are 

fairly close to the  rban centers, this risk, however, can be considered to be rather low. 

Outlook for the gr d connect on numbers 

The objective of 24,000 new and improved connections to be achieved within ten 

years incl ded 5,500 improved  rban connections and 18,500 new connections in 

r ral areas. 

The Mpanda site, which f lly relies on the ORIO generators, shows that the generators are indeed 

capable of improving the electricity access sit ation in the towns. The other two towns, however, are 

c rrently served by a mix of a rather make-shift,  nreliable connection to the national grid and the 

ORIO generators as back- p. Here, an improvement in the reliability of electricity access will only be 

witnessed if the national grid is  pgraded as planned (see Box 9), which can then not be attrib ted to 

the ORIO intervention. 

The c rrent n mber of new r ral connections, incl ding those at REA sites, is not exactly known b t 

definitely exceeds 3,000. This is slightly below planning. These connections already translate to a high 

ho sehold connection rate of 57 percent within 50 metres of the ORIO and REA grids in o r s rvey 

areas. Hence, there is rather little room for increases of connection n mbers  nder the existing 

distrib tion grids; generally, the envisaged connection fig res are not attainable with the relatively 

few LV lines of 44 km constr cted by ORIO. In order to reach the planned connection n mbers, 

additional distrib tion lines are therefore req ired. These are expected to be erected in the context 

of the grid extension efforts  nder REA III (see again Box 9). Thanks to these considerably  p-scaled 

electrification efforts, connection fig res in the intervention areas may well increase over the coming 

years in line with planning. The achievement of this target th s again req ires additional contrib tion 

by national partners. 

In s m, like in any cost-benefit analysis, the o tcome depends largely on the ass mptions made. At 

two of the three ORIO sites, the generators play a different role than initially expected in the short 

term, b t may serve off-grid demand gaps in the mid-term f t re. The s stainability of the 

transmission and distrib tion network will face financial challenges, b t the concentration aro nd 

r ral- rban centres may imply that maintenance will take place. To reach the expected connection 

n mbers, additional investments and efforts will be req ired. 

54 
Information retrieved in interviews with TANESCO in Biharam lo, 2018 
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Box 10: Impacts and Cost-benefit discussion 

ORIO 

intervention 

O tp t and 

Intermediate 

O tcomes 

O tcomes » » » 
Impact 

and 

Cost Benefit 

Impacts on  u al households 

• connected ho seholds less likely to  se batteries, b t overall red ctions in  se of traditional 

energy so rces reflect a general trend and not an effect of the ORIO intervention 

• significant increase in ownership of TV and electric irons and in the  se and q ality of lighting 

• TV  sage as strongest factor affecting time  se in electrified comm nities 

• neither domestic nor other non-farm activities increased in the wake of electrification 

• no perceivable effects of the ORIO project on poverty indicators s ch as employment, 

income generation, and ed cation 

Impacts on  u al ente p ises 

• sawmills and welders are more likely to be fo nd after electrification 

• welders, bea ty salons, and hairdressers are most likely to connect to the new grid 

• kiosks observe the highest increase in the availability of an electricity so rce 

•  nclear whether enterprises save money d e to grid connection, also beca se of few electric 

appliances and machines available to entreprene rs so far 

• abo t half the interviewed enterprises expanded their ho rs of operation, b t demand 

remains low 

Impacts on u ban households 

• TV sets almost omnipresent in  rban grid-connected ho seholds, while ownership rates of 

electric irons and fridges remain at aro nd 50 and 25 percent, respectively 

• only small increase in electricity cons mption in that slightly more people have cons mption 

levels exceeding 75 kWh per month 

• average ho sehold val ation of an  ninterr pted electricity access fell significantly from 

3,440 TSh to 1,660 TSh per month (1.6 and 0.6 E ro, respectively) 

• ho seholds express a strong  nwillingness to accept a worsening of electricity reliability 

Impacts on u ban ente p ises 

• basically no difference in the amo nt of electricity cons med 

• majority of trade enterprises b t only half of service and a third of man fact ring firms 

contin e normal operations in case of o tages 

• ownership of back- p electricity so rces decreased from 22 to 16 percent – mostly driven by 

enterprises in Biharam lo and Mpanda 

• in the more electricity-reliant service and man fact ring sector, generators still make  p 

more than 80 percent of back- p facilities 

• man fact ring and service firms state a higher WTP for improved reliability than trade firms; 

otherwise no strong patterns in the val ation of improved reliability 

Envi onmental impact of gene ato  eplacement 

• relative savings of aro nd 800.000 litres of generator f el per year or 500 tons of CO2 

• absol te f el cons mption slightly increased in Mpanda, the only town relying excl sively on 

the ORIO generators 
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8. Conclusion 

This report presented the res lts of an eval ation of the Electr fy ng Rural Tanzan a intervention, 

jointly financed by the D tch infrastr ct re facility ORIO and the Government of Tanzania and 

implemented by TANESCO. The aim of the intervention has been to improve the service q ality of 

three isolated grids in three towns in northern and western Tanzania that had been r n by old 

generators and only connected the township areas prior to the intervention. 

The following briefly s mmarizes the findings along the research q estions determined at the o tset 

of this st dy. In addition, lessons learned and recommendations are derived from that. 

8.1. Summa y on  esea ch questions 

 O tp t and intermediate o tcome level: 

(i) Have the generators and distrib tion lines been installed and are these in operation? 

Generators and distrib tion lines have been installed in accordance to planning. The set of two 

generators in Mpanda is in f ll operation. The other two sites, Biharam lo and Ngara, were 

connected to the central national grid in 2015 and 2018, respectively. As a conseq ence, the 

generators there are only  sed as back- p, which c rrently implies that they are  sed abo t 20 

percent of time. Upgrades of the central national grid in the area are expected to increase 

reliability and th s decrease the need for back- p capacities in the coming years. 

(ii) Have the new generators replaced the obsolete generators? 

Old generators have not yet been dismantled b t are rather dismantled piecewise by serving as 

spare parts stock for other generator-r n TANESCO sites or as short-term electricity so rce in 

other off-grid areas. TANESCO did so witho t informing RVO abo t these alternative  ses, which 

was one aspect that contrib ted to an erosion of tr st. 

(iii) Is TANESCO capable (in terms of financial, organisational and h man capabilities) to 

adeq ately maintain the eq ipment and distrib tion lines? 

At the start of the ORIO project, TANESCO’s precario s financial sit ation has triggered a process 

of ongoing reorganisation in which electricity generation, transmission and distrib tion were to 

be separated from each other. In addition, the parastatal TANESCO has been bro ght  nder the 

s pervision of the President’s Delivery B rea , f rther restricting its a tonomo s decision-

making. While REA realizes the donor-s pported extension of the grid in r ral areas, TANESCO is 

responsible for the maintenance of it, which creates additional financial commitments. The 

attention to h man capabilities has improved s bstantially over time, among others with the 

opening of a TANESCO training centre. Altho gh TANESCO has sec red the s pply of spare parts 

at central level, the lack of decentralisation of TANESCO is a constraint on the effective 

maintenance of both eq ipment and distrib tion lines. 

 O tcome level: 

(i) What is the connection rate of ho seholds, enterprises, and social infrastr ct re 

instit tions in the newly connected project area? 

At the time of follow- p, 38 percent of ho seholds in newly grid-covered areas are connected to 

the grid, for an average of 1.7 years. Together with alternative electricity so rces, mainly 

individ al solar panels, 72 percent of ho seholds in ORIO-s pported comm nities have an 
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electricity so rce at their disposal. This is not statistically significant from electricity access rates 

in comparable non-electrified villages, given that ho seholds in these villages more strongly rely 

on individ al solar sol tions. 

Among enterprises, the highest TANESCO grid connection rates at follow- p are fo nd among 

welders, bea ty salons and hairdressers (92, 85, and 67 percent, respectively). B ilders and 

carpenters are the least likely to be connected (0 and 9 percent, respectively). Similar to 

ho seholds, the impact of grid electrification on enterprises is rather small. It is largest on kiosks, 

bars and resta rants, probably beca se they are most centrally located and beca se many of 

them have been recently created, i.e. they might have directly taken the opport nity to connect 

to the grid at the time of establishing their b siness. 

Social infrastr ct re instit tions were generally connected with priority if available in the s b-

villages targeted by the ORIO project. 

(ii) How do connection rates evolve in the town centres with rehabilitated connections? 

All b t one of the 250 sampled  rban ho seholds at follow- p were fo nd to be still connected to 

the  rban electricity grids. Disconnections therefore seem to be negligible. Overall connection 

rates have somewhat increased, b t data is lacking to q antify this increase. 

(iii) How does the freq ency and d ration of o tages change? 

The occ rrence of long-lasting o tages has decreased significantly. Otherwise, reliability of elec-

tricity s pply differs considerably between Mpanda and the other two sites. Service reliability has 

improved considerably in Mpanda, the only non-grid connected town where the ORIO-s pported 

generators operate f ll-time. This is not the case in the other two towns, where the defa lt 

electricity so rce is the central grid, which s ffers from serio s s pply problems. In Biharam lo, 

o tages are still freq ent, b t shorter. The service in Ngara does not seem to have improved. 

(iv) For which p rposes and how m ch electricity is  sed? 

Electricity largely replaced traditional energy so rces among newly connected r ral ho seholds – 

except for biomass cooking f els, since electric stoves have not made inroads into the r ral 

Tanzanian kitchens. Electricity access led to an increase in the  se of TV, electric irons and 

partic larly artificial lighting. The prod ctive  se of electricity at ho sehold level is largely absent. 

Half the ho seholds cons me less than 25 kWh per month. This corresponds to  sing three 10-

Watt energy-saver b lbs, two 40-Watt neon t bes, a 10-Watt radio and one 80-Watt TV for fo r 

ho rs per day. Almost 90 percent fall  nder TANESCO’s lifeline tariff of 75 kWh per month. 

F rther increases in electric appliance ownership and electricity cons mption may be modest 

only (cf. Fobi et al. 2018, b t also Richmond and Urpelainen 2019). 

Regarding the effect of electricity reliability on electricity  se in towns, we have also confirmed 

expectable differences in how firms of different sectors are affected by o tages: Man fact ring 

firms are s ffering most. Coping strategies for enterprises also vary by sector: While trade firms 

simply contin e their operation, many service and especially man fact ring firms have to stop 

their work. Nevertheless, back- p electricity so rces remain rather scarce and their ownership 

even decreased in the wake of the improvements in electricity reliability in Biharam lo and 

Mpanda, from 22 to 16 percent. 

(v) Which socio-economic gro ps (incl. income gro ps) benefit from availability of electricity? 

Different socio-economic strata can afford to connect to a different extent: the poorest 20 

percent of ho seholds in the comm nities are 40 percent less likely to be connected than the 
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richest 20 percent. This gap in connection rates is smaller than the access gap for solar panels in 

non-electrified comm nities. Apart from that, one observes rather small differences in access 

rates across different dimensions, s ch as the gender and age of the ho sehold head. 

 Impact level: 

(i) How have expendit res for energy changed? 

Expendit res for traditional energy so rces go down only marginally. Electricity expendit res 

more than compensate these expendit re red ctions. In s m, ho seholds with TANESCO rather 

spend more on energy than before and more than the control gro p. This reflects that they now 

make  se of a broader range of energy services. Beyond r nning energy costs, newly grid-

connected ho seholds likely indirectly benefit from lower electricity so rce lifetime costs 

compared to the costs of solar panels. 

(ii) To what extent has safety/protection changed? 

There are generally no impacts on safety and protection, which can be explained by the high 

availability of alternative electricity so rces in off-grid areas. A notable difference is whether the 

ho sehold interviewee claimed to be afraid when at home – this improved considerably among 

connected ho seholds. 

(iii) To what extent has comfort/convenience changed? What monetary val e do ho seholds 

attrib te to this increased convenience? 

Ho seholds partic larly val e the increase in comfort d e to electric lighting. While this does not 

reflect only the val ation of increased convenience, ho seholds exposed their high val ation of 

electricity in that 77 percent of  rban ho seholds wo ld not even be willing to accept any 

payment to get worse reliability of electricity access, let alone getting disconnect from the 

electricity grid. 

(iv) To what extent have activities d ring evening ho rs changed – both inside and o tside the 

ho sehold? Have st dy ho rs/reading time of children changed? Have women and children 

enjoyed more or less rest for physical rec peration? 

The b rden of ho sehold d ties has not been red ced considerably. Main change in time 

allocation is the availability of TV. For boys, this seems to have made them spent less time 

o tside the ho se at night. Girls generally spent little time o tside the ho se at night. For them, 

st dy time increased, even tho gh this was not d e to the availability of artificial light: the share 

of st dying at night has not been affected – neither for girls nor for boys. 

(v) How have, in response to the possibly increased media expos re, attit des and behavio rs, 

s ch as fertility-related decisions and children’s school enrolment changed? 

No short- to midterm impact pattern co ld be observed for these aspects. They are slower-

trending indicators, for which more time needs to pass for them to  nfold. 

(vi) Has the availability of electricity triggered new economic activities or displaced old ones? 

Grid electricity access has not yet led to a transformative change involving the emergence of new 

and decline of old b sinesses. Completely new enterprises s ch as photocopying are an absol te 

exception. The b sinesses with the strongest increase in n mber in the wake of electrification are 

welders, followed by hairdressers. On average, there is one welder and there are three 

hairdressers per s b-village. 
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(vii) Has school attendance changed as a res lt of electricity  se? 

More children going to secondary school in 2018 compared to 2014. This increase is even 

statistically higher for boys in treatment comm nities. Since we cannot explain this increase by a 

significant increase among connected ho seholds, however, we cannot r le o t that this is d e 

to idiosyncratic developments in treatment comm nities that have less to do with electrification 

per se. 

(viii) In how far have climate-relevant emissions been affected? 

The  se of fossil-f el energy or electricity so rces has not been considerably affected, since they 

have similarly vanished in off-grid ho seholds. Main so rces of climate-relevant emissions 

remain cooking with biomass, which is not affected by r ral electrification, and the large diesel-

r n generators installed in the three towns. In Mpanda, cons mption slightly increased d e to 

higher electricity prod ction in that town. Cons mption decreased in Ngara and Biharam lo, 

however, not beca se of the ORIO intervention b t d e to the connection to the central grid. 

(ix) How are impacts distrib ted across different income gro ps? 

Uneq al access to electricity itself is the main factor driving an  neq al distrib tion of the 

modest impacts experienced so far (see point (v)  nder Outcome level above.) 

(x) What (if any) positive and/or negative  nintended effects have occ rred? 

No s ch  nintended effects co ld be detected. 

8.2. Lessons lea ned and  ecommendations 

The report doc mented that all three generators were s ccessf lly installed, b t TANESCO 

nonetheless connected two of the three towns to the national grid. Here, the ORIO generators are 

 sed as back- p facilities. Therefore, the o tcomes and impacts identified in this report are 

attrib table to a mix of ORIO and TANESCO investments financed partly by other donors. Regardless 

of this  nanticipated change, the main o tcome indicator of the ORIO project of 24,000 new and 

improved connections was problematic from the o tset. It wo ld anyways not have been achievable 

witho t considerable additional contrib tions from the Tanzanian side: first, the cost-benefit analysis 

prepared for the ORIO project in 2012 already made clear that the ORIO grant wo ld contrib te only 

six percent to the total electricity provision costs over the expected 30-year life cycle. Th s, 94 

percent wo ld come from Tanzanian so rces, i.e. the government and TANESCO. Second, the low-

voltage lines f nded by ORIO were clearly ins fficient to achieve the envisaged connection fig res. 

Both aspects sho ld have been acco nted for when defining the o tcome indicator and th s the 

val e-for-money relation of the ORIO project. To generally enhance realism in the  nderlying 

ass mptions of project proposals s bmitted to RVO, it co ld be considered to condition part of the 

financial contrib tion to a limited n mber of process and o tp t performance indicators in the 

financing contract (compare ‘variable tranche’ release in b dget s pport operations to 

governments). 

Beyond investments in generator replacement and grid expansion, the ORIO project allocated 38 

percent of its original b dget to O&M. This component was event ally abandoned, also beca se the 

original design remained  nclear abo t how to involve the private sector. The rec rrent problem 

with setting  p O&M components partic larly calls for a clearer definition of modalities on how to 

contract o t critical maintenance tasks, a definition that needs to be laid o t early on in the design 

phase of an infrastr ct re development project. 
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The most notable finding in the q antitative part of this eval ation is the concomitance of rising 

connection rates thanks to the ORIO intervention and the massive increase in home solar  sage, 

which has happened witho t any governmental s pport. Even in off-grid comm nities, the share of 

ho seholds with an electricity so rce more than tripled between 2014 and 2018. This was hardly 

foreseeable back in 2010, b t clearly has to be considered for  pcoming electricity expansion 

interventions. Electrification interventions are no longer abo t providing mere access to electricity. 

There is a growing body of evidence that the solar market is working, even in remote r ral areas like 

those  nder eval ation in this report (see as well Chaplin et al. 2017, Grimm and Peters 2016, Bensch 

et al. 2018). “Cream-skimming and cherry-picking the ‘rich poor’” (Karpl s and von Hirschha sen 

2019) is a legitimate b siness strategy for branded solar prod cts, b t sho ld not be s fficient for 

receiving scarce p blic s bsidies. Electronic waste is an emerging and potentially b rning iss e where 

f t re policy intervention is req ired given these high solar  sage levels and the absence of effective 

waste management systems in r ral areas. Promotion policies for off-grid electricity sho ld also be 

conditioned on a clear poverty targeting. As this st dy has shown, in spite of an expensive grid 

extension and a sim ltaneo s increase in solar panel  ptake, a non-negligible share of aro nd 28 per-

cent of ho seholds in grid-covered areas are witho t electricity and hence, relatively even worse-off 

than before. 

Among those new r ral connected c stomers, electricity is mostly  sed for lighting and 

entertainment devices (with television  sage being the major difference to solar  sers). Impacts on 

prod ctive  ses and enterprises are very modest. Against this backgro nd, grid extension in 

co ntries with low r ral electrification rates sho ld rather be foc sed on regions where more 

powerf l electricity is needed. These regions co ld then also be s bject to more targeted, holistic 

private sector development engagement. Complementary SME training c rric la co ld be designed 

in cooperation with local b siness associations to make s re these trainings create an added val e 

for entreprene rs. In light of the low interest in the SME trainings s pported by the ORIO project, 

entreprene rs did not see s ch added val e in the trainings offered. 

This st dy did not allow s bstantiating the role electricity reliability improvements play for local 

entreprene rs already connected to grid electricity. Nonetheless, it became evident that the 

adeq acy of electricity generation is only one s pply-side factor that affects reliability. Similarly 

important, reliability depends on and can be f rther enhanced thro gh conditions of the power 

system infrastr ct re, incl. network expansion, network maintenance, and illegal connections, as 

well as  tility financial and operational performance and energy sector reg lation. 

Generally, the design of the ORIO project did not seem to be s fficiently aligned with recent 

developments in policies, strategies, as well as operational and financing plans. To enhance the flow 

of information abo t the sector context in the partner co ntry, it co ld be considered to give priority 

to infrastr ct ral project proposals in those sectors and co ntries where the Netherlands is 

represented directly or thro gh delegated participation in sector working gro ps or ro nd tables. To 

f rther enhance the embedding of the s pported project in the partner co ntry’s sched led 

infrastr ct re investments, it co ld additionally be considered to expand the req irement for 

alignment of the envisaged project from the c rrent alignment to general policies and sector 

strategies, b t also to more specific sector-level financing plans and/ or sector-level medi m-term 

expendit re frameworks. 
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Appendix 

Figu e A1: Location of t eatment and cont ol sites fo  the case of Mpanda 

Note: Red circles refer to TANESCO sites, bl e ones to REA sites and green ones to control sites. Darker circles represent 

places with m ltiple s rvey sites (e.g. more than one s b-village of one village was sampled). 

Source: own representation  sing GPSVis alizer.com 
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Appendix B. Impact estimation design 

We adopt two estimation approaches: a difference-in-differences (Diff-in-Diff) approach and 

Propensity Score Matching (PSM). These are pop lar approaches to the identification of impacts 

where treatment participation is not by random assignment (experimental) b t where the researcher 

adopts strategies to mimic or come close to the  nbiasedness of random assignment. S ch 

approaches are called q asi-experimental (for a more extensive introd ction to different 

identification approaches, see Pattanayak 2009, for example). 

The following presents technical details on these two approaches additional to the more int itive 

disc ssion presented in the main report. 

D fference- n-d fferences 

Technically, we  se the data for ho sehold or comm nity observations   at time t (eq al to 0 for 

baseline and to 1 for follow- p) to estimate the estimation eq ation 

��,� = �  � �  �� ���  �
��,�  ��  ��,�. 

We do so for the vario s o tcome and impact indicators � o tlined in Section 3.1 of the report. The 

estimated coefficient of interest is ��, the Diff-in-Diff estimate, since it reflects observations for 

which both d mmy variables and � are eq al to one: the period is follow- p and the individ al is 

s bject to the treatment condition �. Depending on whether the ITT or ATT is estimated, the 

treatment � refers to village electrification or ho sehold connection, respectively (the difference 
between ITT and ATT is also disc ssed in Gertler et al. 2016, for example, who call ATT the treatment-

on-the-treated (TOT)). 

Beyond the standard error term ��,�, the estimation additionally incl des the d mmy variable �, 
which controls for time effects that occ rred irrespective of the treatment. Similarly, the individ al 

fixed effect � acco nts for individ al partic larities that go beyond the set of individ al-specific 
control variables �. 

For the ho sehold-level data, this set of observable control variables � incl des the gender and age 
of the head of ho sehold and whether his/her main occ pation is farming, the total n mber of 

ho sehold members (in logarithmic terms), the share of children of age 0 to 6, whether the 

ho sehold keeps livestock, whether the ho sehold has a savings acco nt and a comm nity fixed 

effect. For comm nity-level data, the control variables are the logarithm of the baseline pop lation, 

the logarithm of the baseline distance to the closest road, the availability of secondary schools, of 

health facilities and of markets as well as a control for the district. 

Propens ty Score Match ng 

In cases where one does not dispose of baseline data ( =0), one may at least acco nt for observable 

characteristics as controls that have been collected at follow- p, i.e. � . Beyond controlling for these 
variables in a simple (parametric) Ordinary Least Sq ares estimation, an alternative is to  se them in 

(non-parametric) Propensity Score Matching (PSM). Here, the control variables are  sed to find 

appropriate matches among the reservoir of comparison  nits (non-connected ho seholds in 

electrified comm nities or non-electrified comm nities as a whole) for the treatment  nits 

(connected ho seholds in electrified comm nities or electrified comm nities as a whole). This is 

done by creating a propensity score p ranging from zero to one based on the controls � . The 
propensity score p can be estimated  sing, for instance, a probit or logit model. In o r case, p reflects 

the propensity to connect to an electricity grid if one has the chance to do so. 
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A main challenge with PSM is to find controls � that are pla sibly not affected by the treatment 

while still being good predictors of what is s pposed to be explained, in o r case again the 

connection to an electricity grid. The variables mentioned above  nder Diff-in-Diff, which we also  se 

for PSM, likely f lfil this condition. Yet, there are probably additional  nobserved characteristics that 

explain selection into treatment s ch as aspiration or ast teness, which can be better capt red in the 

Diff-in-Diff approach as it acco nts for baseline levels. This is the main shortcoming of PSM. 

Another key aspect to the application of this approach is the co-called common s pport condition, 

i.e. there sho ld be eno gh comparison  nits that share the same characteristics as the treatment 

 nits. This ens res that we have  ntreated matches for the treated observations for every level of p. 

Note also that the literat re proposes a n mber of other matching estimators. We adopted the 

standard approach of nearest neighbo r matching, with one comparison gro p “neighbo r” in terms 

of the propensity score being matched to a treatment gro p  nit. 

For a more detailed presentation and the  nderlying mathematics of this approach see Caliendo and 

Kopeinig (2008) or Cameron and Trivedi (2009), for example. 
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