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Executive Summary 
 
Background 
South Africa is at the centre of the global HIV epidemic. The public health burden created by HIV/AIDS has 
the potential to compound existing challenges in the country’s public healthcare system. Addressing 
these challenges will involve a significant overhaul of existing service delivery structures (South African 
National Department of Health, 2013) and innovative approaches.  
 
An example of innovation for pharmacy services is the ROWA Automated Dispensing System (ADS), which 
includes a mechanical arm, the arm’s storage compartment, and an accompanying computer system 
(called TriMed) that allows pharmacies to store, count, and dispense medications automatically or with 
minimal human involvement. In October of 2012, Right To Care (RTC) installed a ROWA ADS, the first ever 
ADS in a public health care facility in Johannesburg, at the Themba Lethu Clinic (TLC) at Helen Joseph 
Hospital. Based on evidence available from other settings, it was expected that introduction of the ADS in 
this setting might improve pharmacy stock control, allow for improved pharmacist-client interactions, and 
engender an opportunity for cost savings.  
 
Study aim/objectives 
In 2013, RTC asked the Health Economics and Epidemiology Research Office (HE2RO) to conduct an 
evaluation of the ADS. The aim of the evaluation was to assess the introduction of the ADS as a 
mechanism for improving pharmacy services in a developing country setting plagued by a high burden of 
chronic disease, including HIV. The protocol included three specific objectives:  

1) Determining the cost effectiveness of the ADS in terms of prescriptions dispensed or 
prescriptions packaged;  

2) Assessing the impact of the ADS on stock control; and 
3) Determining the impact of the ADS on patient interactions with a pharmacist or pharmacy 

assistant (in terms of quality and duration).  
 
Methods 
The evaluation was retrospective. We collected data from August to September 2014. This included 
interviews with staff and collection of cost data. Interviews were conducted by trained staff using 
standardized questionnaires. We analysed the data using a thematic analysis approach for qualitative 
responses and basic frequency analysis for quantitative responses. 
 
For the cost evaluation, we developed a Microsoft Excel-based costing tool. We established three 
pharmacy “profiles” as follows:  

- Baseline/typical – Based on current operations at TLC;  
- Enhanced – The baseline/typical profile plus an increase in patient volume; and 
- Ideal – The enhanced profile plus streamlined operations and task shifting.  

 
For each profile, we estimated costs in a manual and an automated environment. Using data collected at 
the study pharmacy, which was automated during the evaluation, we first calibrated the cost model for 
the baseline automated profile. This included observation and review of records to obtain current costs 
for all dispensing-related activities (i.e. staff time, consumables, equipment and overhead) (see Table 1 in 
the Methods section of this report). We did not include training on use of the equipment; equipment 
installation, insurance or maintenance costs; drug costs; or the costs of non-dispensing activities which 
took place in the pharmacy. 
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The profiles were then used to explore the changes in cost per script in six scenarios, all of which involved 
moving from a manual to an automated pharmacy environment. The script was defined as a three-month 
supply of fixed-dose combination ARVs. It excluded the cost of procuring the medications and costs 
incurred by the patients (e.g. for transport to the pharmacy). The six scenarios are shown below. 
 
Scenario Manual (Pre-ROWA )  

pharmacy profile 
Automated (Post-ROWA)  

pharmacy profile 
1 Baseline/typical  Baseline/typical 
2 Baseline/typical Enhanced 
3* Baseline/typical Ideal 
4 Enhanced Enhanced 
5 Enhanced Ideal 
6** Ideal Ideal 
 
Uncertainty analysis was conducted to assess potential changes in several parameters (e.g. discount rate, 
cost inputs, etc.). Finally, we explored cost drivers and produced a breakdown of the total costs by cost 
category. 
 
Results—Process Changes 
 
Seven interviews were conducted to explore how the ROWA affected pharmacy procedures, including 
staff allocations, stock management, and patient interactions. Two senior level pharmacists participated 
as key informants. Two pharmacists and three pharmacy assistants participated as pharmacy staff. The 
key findings from these interviews are: 
 
Staffing levels 

1) The number of staff employed in the pharmacy increased after automation, but decisions on the 
number of staff were made by government (hospital management) independent of Right to Care 
and the presence of the ROWA.  
 

Drug management/dispensing  
2) Drug storage is different for ARV and non-ARV medications. ARVs which cannot fit into the ROWA 

on a given day are stored in the bulk storeroom with the non-ARV medication, which is never 
stored in the ROWA.  

3) Dispensing for ARVs is different now in that the computer system which works in conjunction 
with the ROWA, called TriMed, and the ROWA are used to document, request and “pick” the 
medication from the shelf. Before ROWA, documentation, “picking,” and dispensing were done 
by individuals. 

4) Dispensing for non-ARV medications has not changed. 
 

Tracking and managing stock 
5) There was disagreement regarding whether the ROWA had made tasks such as stock 

management and inventory faster or easier. However, many staff indicated that several tasks 
were easier and less prone to error after the ROWA and TriMed were put in place.  

6) The ROWA could not do all that staff would have liked it to do. For example, expiry date 
management was not accommodated in the ROWA/Trimed system. It posed challenges when it 
broke down, and manual systems were maintained in parallel to provide a back-up for ROWA 
breakdowns. Its reports were sometimes seen as “unreliable” (as a result of human error in the 
creation of the reports or other seemingly unexplained “bugs”). 
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7) The respondents felt that the ROWA had had no impact on stock outs or stock loss or theft. 
However, this was generally because they felt that these issues were not within their control – for 
stock outs – or not a problem generally and thus not measured before or after automation – for 
loss/theft.  
 

Roles and responsibilities of staff 
8) The ROWA created new ROWA-specific activities and responsibilities for staff. Overall roles and 

responsibilities for many staff changed since the ROWA was installed. Some staff members were 
now designated to specific roles and had more time to focus on non-dispensing activities.  

9) In contrast, automation was seen to have had minimal impact on the pharmacist role in 
dispensing, in part because regulations requiring the pharmacist’s involvement in the dispensing 
process did not change.  

10) Many staff reported a positive experience working with the ROWA in that they finished 
dispensing earlier and had time for other tasks. However, some staff reported longer hours and a 
more ambiguous experience.  

11) The respondents felt that the ROWA had reduced the time spent per day dispensing to patients. 
However, dispensing (including the QC’ing by pharmacists) and counseling of patients still 
constituted the greater part of the day for almost all of the respondents. That had not changed.  

12) Some stock management functions did not change as a result of the ROWA introduction, for 
example, managing bulk stock or non-ARV medications. 
 

Patient care 
13) The TE–TriMed interface which is part of the automation system made it possible to look through 

prescriptions and patient history data without going through a physical file. This made it easier to 
identify patients that require extra attention.  

14) However, counselling of patients did not change. Extra time was spent dispensing to other 
patients, not providing extra counselling. This was in part driven by an expectation from patients 
that they would get their medicines quickly.  

15) The respondents felt that there was less “tension” between pharmacists and patients after 
automation and that patients knew that they could ask questions and get help if/when needed. 

16) Dispensing errors may have been reduced, but as there were no records of the frequency of 
dispensing errors prior to installing the ROWA, the evaluation could not assess changes in this 
outcome. 

 
Results—Cost estimates 
 

1) We did not find significant differences in the cost per script dispensed before and after the 
implementation of the ROWA automated dispensing system in the baseline pharmacy profile. The 
cost evaluation yielded a cost per script of R17.11 for the baseline/typical, automated pharmacy 
profile, and R17.94 for the baseline/typical pharmacy prior to automation. This suggests cost 
savings; however, it is important to note that the ROWA system and the setting in which it was 
implemented are very specific and not representative of most potential automation 
circumstances. Further, the uncertainty analysis yielded very wide ranges around these unit cost 
estimates. For example, for the baseline/typical, automated pharmacy, the cost per script 
according to the model could vary from R11.76 to R21.95. This range represents a difference of 
31% lower or 28% higher costs than the base case estimate (i.e. the baseline/typical, automated 
pharmacy cost), and thus suggests that automation may or may not be cost saving considering a 
typical pharmacy. Staff costs are the largest single driver of the overall cost per script both before 
and after automation.  
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2) The cost per script in high volume facilities appears to be relatively insensitive to the cost of 
purchasing the automation technology when considering a long useful life for the equipment. 

3) Cost savings might be attained under several specific conditions:  
a. When automation is accompanied by an increase in patient volumes (scenarios two and 

four), we see potential savings. However, uncertainty around the estimates remains 
large. 

b. The importance of increasing patient volumes fell away when streamlining and task 
shifting were introduced along with automation. However, patient volumes did appear to 
be important if considering costs within an already automated environment.  

c. Automation accompanied by efforts to reduce staff costs presents the greatest possible 
savings. 

d. Automating an already efficient pharmacy (i.e. one with high patient volumes, 
streamlined operations and low staff costs) does not seem to present cost saving 
opportunities. 

4) Other factors to consider for potential, future automation projects include: 
a. Establishing an automated system where more than one type of medication is dispensed 

may allow for cost savings through reduction of dispensing errors (and the staff time they 
engender) and eliminating the need for parallel systems (i.e. automation for one type of 
medication and manual systems for other types). 

b. Legal reform may be necessary to take full advantage of the potential of automated 
systems. For example, currently, full task shifting is not possible as a pharmacist must still 
physically check a drug against the script before it is dispensed.  

 
Limitations 
 
This evaluation faced a number of challenges which limit its generalizability and completeness. Some of 
these limitations, such as the reliance on routinely collected data, are common to programmatic 
evaluations in general; others were specific limitations of this evaluation. In particular: 
 
• Data from the pre-ROWA period were incomplete or missing. The evaluation thus relied on staff 

perceptions of changes that took place, rather than actual observation by the study team. Some 
potential impacts of automation, such as a change in dispensing errors, could not be measured due to 
the lack of baseline data. 

• The components of the automation intervention were phased in over time, and in some cases, were 
still under development during the evaluation (e.g. TriMed programming). As a result, we could only 
evaluate partial implementation of the program, and we could not assess the contributions of the 
various components of the ADS to the costs or potential cost savings from automation.  

• The pharmacy underwent several changes in staffing and service delivery during the study period, 
such as significant down referral of patents to local clinics and changes in pharmacy staffing, that 
were not related to automation but affected the efficiency of pharmacy service delivery. The 
evaluation could not distinguish between changes resulting from automation and those stemming 
from other pharmacy developments. 

 
Conclusion 
 
Because of its limitations, the results of this evaluation should be interpreted as one data point that can 
contribute to an overall understanding of the potential for pharmacy automation in South Africa. The 
evaluation points out key issues and questions that should be examined going forward. 
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1. Introduction 
 
Pharmacy automation 
In both developed and developing countries, pharmaceutical management is a critical issue due to 
escalating health care costs and increased pressure to improve access to services. While pharmacy 
practice models differ from country to country, the past few decades have provided a number of lessons 
on both drug supply management and the expanding role of pharmacy staff. For example, in many 
resource limited settings burdened by HIV, the complexity of HIV-related medication, the increased life 
span of HIV-positive patients that comes with antiretroviral medication (ARVs), and the comorbidity of 
HIV/AIDS with other diseases has broadened the role of the pharmacist in ensuring proper counselling, 
monitoring, and adherence and preventing the development of HIV drug resistance. In many ways, the 
role of the pharmacist is evolving from that of a supplier of pharmaceutical products towards that of a 
direct provider of patient care, thus offering the potential for a direct role in improving patients’ quality of 
life.  
 
Yet, despite new systems for managing procurement and management of drugs, access to 
pharmaceutical drugs for the average consumer remains a challenge in the developing world. According 
to the World Health Organization, an estimated one-third of the world’s population lacks regular access 
to essential drugs, and this proportion increases to over half in the poorest parts of Africa and Asia 
(Stevens, 2004). Innovation in pharmaceutical service delivery must take this into account as well as the 
demands of special populations or challenges, such as the presented by the global HIV epidemic. 
 
South Africa 
South Africa is at the centre of the global HIV epidemic. The public health burden created by HIV/AIDS has 
the potential to compound existing challenges in the public sector. South Africa’s health care delivery 
system is characterized by a fragmented, two-tiered system: 1) a private health care system funded by 
medical schemes and 2) a public sector characterized by irrational use of resources, poor working 
conditions and inadequate infrastructure (South African National Department of Health, 1996). 
Government spending on health care comprises less than half of total health expenditure nationally, even 
though the public system serves more than 80% of South Africans; further, despite the large proportion 
of the population served by the public sector, only 30% of South Africa’s doctors work in this sector 
(Keeton, 2010). 
 
In an attempt to address these challenges, the National Department of Health (NDOH) has a renewed 
focus on improving the health system, and particularly the inequalities within the public health sector, via 
a National Health Insurance system (NHI). Through the NHI, which is currently being piloted in select 
districts nationally, the government aims to ensure that all South Africans have access to appropriate, 
efficient, and quality health services, regardless of employment status (South African National 
Department of Health, 2013). This will involve a significant overhaul of existing service delivery structures, 
administrative and management systems, and will focus on quality improvement such as reducing wait 
times and increasing the availability of medicine (South African National Department of Health, 2013). 
 
Pharmacy automation in South Africa 
The overhaul of South Africa’s health system will require innovative approaches to address current 
challenges. An example of innovation for pharmacy services is the ROWA automated dispensing system 
(ADS), which includes a mechanical arm and storage compartment for medications and an accompanying 
computer system that allows pharmacies to store, count, and dispense medications automatically or with 
minimal human involvement. The ROWA ADS was developed by CareFusion/ROWA in Germany.  
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In October of 2012, Right To Care (RTC) installed a ROWA ADS, the first ever ADS in a public health care 
facility in Johannesburg, at the Themba Lethu Clinic (TLC). Based on evidence available from other 
settings, it was expected that introduction of the ADS in this setting might improve pharmacy stock 
control, allow for improved pharmacist-client interactions, and engender an opportunity for cost savings 
 
TLC is an urban, ARV rollout site based at Helen Joseph Hospital, a public hospital in Johannesburg, South 
Africa. Since 2004, TLC has enrolled approximately 3,000 HIV positive patients into its HIV care and 
treatment program, over 21,000 of whom have received ARVs since being enrolled. Patients on treatment 
are typically seen at least every 3 months for drug refills (Fox et al., 2013). 
 
The ROWA installation at TLC consisted of three complementary components: 1) a mechanical arm that 
stocks and dispenses medication, 2) a storage unit within which the drugs are housed, and 3) a computer 
system that aids with dispensing and stock management (called TriMed). When the ROWA was installed, 
the TLC pharmacy underwent structural changes. At the time of this evaluation, the ROWA occupied a 
large space in the middle of the pharmacy, and TriMed interfaced with TLC’s existing electronic records 
system, called Therapy Edge (TE).  
 
Aim/objectives 
The aim of this study was to evaluate the introduction of the ADS as a mechanism for improving 
pharmacy services in a developing country setting plagued by a high burden of chronic disease, including 
HIV. The protocol included three specific objectives:  

1) Determining the cost effectiveness of the ADS in terms of prescriptions dispensed or 
prescriptions packaged;  

2) Assessing the impact of the ADS on stock control; and 
3) Determining the impact of the ADS on patient interaction with a pharmacist or pharmacy 

assistant (in terms of quality and duration).  
 

2. Methods  
 
We conducted a retrospective evaluation of the introduction of the ADS from August-September 2014. 
Data collection involved both interviews with staff and costing.  
 
Ethical approval for this study was provided by the Human Research Ethics Committee (HREC) at the 
University of the Witwatersrand.  
 
2.1. Staff interviews 
 
We conducted two types of interviews – with “key informants” who were asked to explain systems and 
processes in the pharmacy and with “pharmacy staff” who were asked to describe their daily activities 
before and after the introduction of the ROWA. Pharmacy staff were eligible for participation in the staff 
interviews if they were: 

• A trained pharmacist, pharmacy assistant, or pharmacy clerk;  
• A full or part time employee at the time of the assessment;  
• Able to communicate in English; and  
• Willing and able to provide informed consent.  

 
For the key informants, the same criteria were used plus the individual had to be a manager or 
responsible for high level record keeping at the facility. Interviews were conducted in English using semi-
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structured questionnaires (i.e. with open- and closed-ended questions). Written informed consent was 
obtained prior to each interview.The key informant interviews were recorded to assist with note taking. 
 
All participants were asked about their training, qualifications and current practice in the pharmacy. Key 
informants were then asked to comment on systems, stock management (including tracking and loss) and 
staffing – both currently and prior to the ROWA. Pharmacy staff were asked more detailed questions 
about their current duties, including their interactions with patients, and how those duties have changed 
since introduction of the ROWA.  
 
All data were entered into an Excel database. Quantitative data were analysed using in Excel. Descriptive 
statistics were generated. For continuous data medians and interquartile ranges were calculated. For 
categorical data, counts and proportions were determined. All results are based on non-missing 
responses.  
 
Qualitative data were also analysed in Excel using a thematic analysis approach, in which main themes 
and categories were identified and analysed within and across data. Transcripts were reviewed by 
members of the research team, and a preliminary codebook was developed and subsequently refined 
through discussion. Data were collaboratively coded and reviewed; major trends and cross-cutting 
themes were identified and summarized. Inter-coder reliability was ensured through cross-checking 
throughout the coding process.  
 
2.2. Cost evaluation  
 
As the evaluation was conducted retrospectively, data collection pre- and post-implementation of the 
ADS was not possible. Thus, to assess the impact on costs of automation, we developed a Microsoft Excel-
based cost model and used the model to estimate the cost of dispensing operations within a generic 
pharmacy setting.  
 
We calibrated the model using data collected at the study pharmacy (i.e. reflecting the pharmacy’s 
current, automated experience). Then, based on potential changes to the automation system and 
assumptions for a non-automated pharmacy environment, we developed additional scenarios and 
explored the impact of automation on a range of outputs. 
 
Cost data collection 
Costing for calibration of the model was done from the provider’s perspective using a bottom-up costing 
approach. Table 1 provides a summary of the inputs, or resources, which were included or excluded. 
  
Table 1: Inclusion and exclusion of various costing categories 
Costing Category Included Excluded 
Materials All dispensing-related consumables Drug costs 
Activities Dispensing-related activities Non-dispensing related activities 
Salaries All pharmacy staff - 
Quality control Drug ordering 

ROWA loading 
Stock audits 

- 

Equipment All pharmacy equipment and machinery - 
Shared costs Rent 

Utilities (electricity, effluent, and water) 
Cleaning services 

- 
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Costing Category Included Excluded 
Other costs - Insurance 

Maintenance 
Repairs 
Initial set up costs, including clinic 
renovations 
 Training 

 
The volume, or usage, and associated costs of each input in the ADS were estimated from a number of 
sources/activities. Details on all cost inputs are provided in Appendix A. A general description is provided 
here. 
 
To estimate staff costs, we conducted a small, informal time and motion assessment. The information 
captured included where each activity took place, the time required, and the supplies and equipment 
used. Our approach assumes full productivity of staff (i.e. that there is no unproductive time) and that 
staff time is perfectly divisible (i.e. if only 5 minutes are needed for the ROWA, the rest of the individual’s 
time will be spent productively elsewhere). It is thus a conservative estimate of actual staff costs. For 
supplies and equipment, the volume of supplies used during dispensing was determined through the 
observation process, from site records and from key informant discussions. The equipment used during 
dispensing was determined by conducting an asset inventory in the ADS area.  
 
The cost of purchasing and installing the ADS itself (i.e. ROWA) was obtained from invoices. Although the 
equipment was procured at a heavily discounted rate based on private negotiations, we used the 
discounted quote/purchase price since there was no information on the market price or the extent of the 
discount.  
 
The unit costs of consumable materials were estimated from relevant market prices (i.e. site financial 
records, and general price lists). The staff grade for each employee was collected from key informants at 
the site, and the annual cost-to-employer at each grade was drawn from published 2014 South African 
government salary scales (Department of Public Service Administration 2014). Information on the 
purchase, maintenance, and operating costs of infrastructure and equipment was taken from a 
combination of invoices and data on relevant market prices. The annual cost of general equipment was 
calculated over a working life of 8 years at a discount rate of 5% in the base case scenario. The actual 
ROWA equipment was assumed to have a working life of 20 years. All unit costs were collected as 
economic costs representing the current estimated market value of all resources used irrespective of the 
source (i.e. donated goods were included at market value). All the unit costs were collected in or 
converted to 2014 Rand (ZAR) using an average exchange rate for the period July 2013- 2014 
(www.oanda.com). 
 
The cost of renovations and structural changes at TLC to accommodate the ADS were excluded. ROWA-
specific training and patient costs were also excluded in our analysis. 
 
The TLC pharmacy was based within Helen Joseph Hospital and as such certain costs such as cleaning 
services were considered shared costs. The total cost of equipment, maintenance, and other 
miscellaneous costs shared with Helen Joseph Hospital per day was estimated using various sources (See 
Appendix A) and divided by the number of scripts dispensed per day to produce an average cost per script 
dispensed for each cost category.  
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The number of scripts dispensed per day was based on data collected on actual patient volumes for a 365 
day period between 2 May 2013 and 2 May 2014. For simplicity, and because it reflected the standard of 
care, we assumed that all scripts dispensed consisted of a three month supply of fixed-dose combination 
ARVs. Related to the dispensing of scripts, two major simplifying assumptions were made regarding the 
dispensing equipment. First, we assumed that all drugs dispensed were compatible with the ADS. Second, 
we assumed a dispensing success rate of 100%, meaning that the ADS never dispenses the wrong 
medication and that there is no human error in the dispensing process. 
 
In the model (see below) the average cost per ARV script dispensed in the pharmacy is the total cost of 
dispensing during the period divided by the total number of scripts dispensed during the period. The total 
cost is estimated by multiplying the unit cost for each resource by the quantity of resources used. It 
should be noted that the calculated costs exclude both the costs of drugs and any costs related to the 
dispensing of non-ARV drugs. 
 
Uncertainty regarding select inputs in the cost evaluation was addressed with uncertainty analysis. Table 
2 provides a listing of the variations considered for each input.  
 
Table 2: Parameters for uncertainty analysis for Baseline/typical pharmacy cost evaluation 
Parameter Best case Expected case Worst case 
Staff time See Appendix A. Mean from 

observations 
See Appendix A. 

General equipment (non-
ROWA) life years 

10 years 8 years 5 years 

ROWA equipment life years 25 years 20 years 15 years 
ROWA equipment costs See Appendix A. Full (i.e. non-

discounted/final) 
quote from supplier 

See Appendix A. 

Discount rate 8% 5% 0% 
Scripts dispensed per day, 
based on site records 

381 scripts per day 281 scripts per day 222 scripts per day 

 
Assumptions regarding pre-automation 
After costing the current, automated pharmacy environment, assumptions were made in the model to 
estimate how the pharmacy operated prior to automation. These assumptions were based on 
communication with key informants and observations at another, large pharmacy within Helen Joseph 
Hospital which currently has only manual dispensing. Table 3 illustrates the assumed differences between 
the automated dispensing, or ROWA, pharmacy in the cost model, and the manual dispensing 
environment prior to automation. 
 
Table 3: Assumed differences in model parameters for ROWA (automated pharmacy) versus Pre-ROWA 
(manual pharmacy)  
Activity ROWA Pre-ROWA (manual) 
Activity Time required Time required 
Per script activity – Prepare for 
dispensing 

1.7 minutes 4 minutes 

Maintenance and QC – Manual 
ROWA Loading 

1 hour (Batch loading, daily) 
1.25 hours (Manual loading after 
successful batch loading, 4 times 
a week) 

Daily restocking of shelves, 1 
hour/day 
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Activity ROWA Pre-ROWA (manual) 
5 hours (Manual loading after 
failed batch loading, once a 
week) 

Equipment Equipment/supplies required Equipment/supplies required 
Backup UPS 1 0 
Desktop Computer 7 5 
Computer Monitor 7 5 
Label Printer 8 2 
Label Scanners 8 2 
ROWA, ROWA Monitor 1 0 
 
Modelling 
After establishing the pre- and post-automation profiles for the current pharmacy (or the 
“Baseline/typical” pharmacy), we introduced additional profiles to the model in order to investigate the 
key determinants of the cost of dispensing. These additional “profiles” are the “Enhanced pharmacy” and 
“Ideal pharmacy.” We adjusted three variables in the model for the purpose of establishing the pharmacy 
profiles. The variables are defined below. For each pharmacy profile, we used the model to explore the 
movement from a manual system (i.e. pre-ROWA) to an automated system within the pharmacy (i.e. 
post-ROWA) (using the pre- and post-automation characteristics provided in table 3). This is illustrated in 
Table 4.  
 

• Scripts per day - The number of scripts the pharmacy dispenses. Changing this variable allows us 
to investigate the sensitivity of dispensing costs to patient volumes. 

• Streamlining - The assumption that the batch loading of ROWA is successful 100% of the time, 
hence eliminating the need for manually loading drugs into ROWA. Changing this variable allows 
us to investigate the sensitivity of dispensing costs to the likelihood of technical failure of ROWA. 
Note that streamlining is not applicable in the manual dispensing environment.  

• Task Shifting - The assumption that every activity is conducted by the lowest cadre of staff 
member allowed by current regulations. Changing this variable allows us to investigate the 
sensitivity of dispensing cost to staff costs. 

 
To illustrate the potential for increasing patient volumes, we compare the output of the ROWA in terms 
of scripts dispensed currently to its maximum script potential. The maximum potential is calculated by 
dividing an eight hour work day by the amount of time required per script, but because the ROWA is 
loaded once per day, the maximum potential is limited by the capacity of the ROWA on any given day.  
 
Table 4: Pharmacy profiles for cost model 

 Baseline/typical pharmacy 
(Actual = automated) 

Enhanced pharmacy 
(Hypothetical) 

Ideal pharmacy 
(Hypothetical) 

Manual 
(Pre-ROWA) 

Automated 
(ROWA)* 

Manual 
(Pre-ROWA) 

Automated 
(ROWA) 

Manual 
(Pre-ROWA) 

Automated 
(ROWA) 

Scripts per day 281 scripts 
per day 

281 scripts 
per day 

500 scripts 
per day*** 

500 scripts 
per day 

500 scripts 
per day 

500 scripts 
per day 

Streamlining Not 
applicable. 

No. Assume 
batch 
loading fails 
once every 

Not 
applicable. 

No. Assume 
batch 
loading fails 
once every 

Not 
applicable. 

Yes. Assume 
no technical 
failures. 
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five days.** five days.** 
Task shifting 
 

No. Assume 
current 
staffing 
patterns. 

No. Assume 
current 
staffing 
patterns. 

No. Assume 
current 
staffing 
patterns. 

No. Assume 
current 
staffing 
patterns. 

Yes. Assume 
lowest 
cadre of 
staff for 
each task. 

Yes. Assume 
lowest 
cadre of 
staff for 
each task. 

*Actual pharmacy during evaluation.  
**Based on conversations with current pharmacy staff. 
***Note that we did not consider the impact of increasing patient volumes on service quality, such as on patient 
waiting times, since this was outside the scope of our current costing analysis.  
 
Scenario analysis 
Scenario analysis was used to explore the movement from one pharmacy profile pre-ROWA, or 
automation, to another profile with the ROWA, or automation. The listing of scenarios explored is 
provided in Table 5. Considering the impact on costs in each of these scenarios, we hypothesized that 
scenario three would be the “best” case, or where the most cost savings might be seen, because this 
represents movement from a typical pharmacy with its inefficiencies to an ideal automated pharmacy. In 
contrast, we hypothesized the lowest cost savings (if any) under scenario six. This scenario would be 
considered the “worst” case in terms of potential costs savings in that the pharmacy was already running 
efficiently in terms of volume and staffing before automation.  
 
Table 5: Modelling scenarios  
Scenario Manual (Pre-ROWA )  

pharmacy profile 
Automated (Post-ROWA)  

pharmacy profile 
1 Baseline/typical  Baseline/typical 
2 Baseline/typical Enhanced 
3* Baseline/typical Ideal 
4 Enhanced Enhanced 
5 Enhanced Ideal 
6** Ideal Ideal 
*Possible “best” case in terms of potential cost savings. 
**Possible “worst” case in terms of potential cost savings. 
 

3. Results 
 
3.1. Staff interviews 
 
3.1.1. Respondents 
The total staff complement in the pharmacy at the time of recruitment was 16 (See Figure 1). We 
approached the only two senior level pharmacists, inviting them to be key informants. Both participated. 
One started work at RTC while automation was being initiated; the other was there for a year prior to 
automation.  
 
A total of seven additional pharmacy staff members were approached for the pharmacy staff interviews. 
Two people refused to participate. They cited “uncertainty” and “uneasiness” as their reasons for refusal. 
This was despite attempts to ensure them that their results would be treated confidentially. Ultimately, 
we interviewed five staff members. All staff interviewed reported a change in roles over their 
employment period at TLC. Two of the staff interviewed were not employed at the facility prior to 
implementation of automation. 
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Figure 1: Interviews with pharmacy staff 

 
 
3.1.2. Staff required before and after automation 
Automation of any activity has the potential to reduce the need for staff conducting the activity. In some 
cases, individuals are no longer needed. Concerns about being made redundant due to pharmacy 
automation have been expressed in other settings (Brinklow, 2006). For this evaluation, we did not aim to 
assess anxiety about job security; however, we did discuss staff needs and changes in responsibilities 
since automation. The following text reflects conversations with the participants regarding staffing needs 
at the facility. Responses regarding roles and responsibilities are provided in section 3.1.5. 
 

How are staffing needs determined? How many staff work in the pharmacy and  
how many are actually needed? How has this changed (or not) since the ROWA?1 

 
Prior to automation the pharmacy employed four pharmacists and 11 pharmacist assistants. Since 
automation, the total number of staff had increased to the 17 individuals outlined in Figure 1. 
 
One key informant said they currently required four pharmacists at the facility, and the other key 
informant said they needed three or four. Both the key informants said that they use patient load, 
hospital size, the number of assistants and pharmacy-specific duties to determine the number of 
pharmacists required. One key informant noted that this was hard to determine because the number of 
patients at TLC was constantly changing. Regarding how the need for pharmacists had changed since 
automation, one key informant said it had decreased. The other said that it had stayed the same and 
clarified that although automation had done away with the function of picking medications, this was 
never a pharmacist’s role. It was always an assistant’s role, and pharmacists were still required as before. 
 
The key informants agreed that they needed two basic pharmacist assistants at the facility, but while one 
said they needed nine “post-basic” assistants (i.e. assistants with training beyond the basic), the other 

1 Questions listed in this results section are not the exact questions asked in the interviews. Rather, they are meant 
to reflect a summary of the discussion on the issue. 

2 pharmacists 

2 senior pharmacists 

12 pharmacy assistants 

2 approached  

2 approached 

5 approached 

5 interviewed 
- 3 pharmacy 

assistants 
- 1 pharmacy 

supervisor 
- 1 quality control 

pharmacist 
 
2 refused 

Key informant interviews 

Staff interviews 

2 interviewed 

1 pharmacy intern not 
approached 
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said only one would suffice. One key informant said that the number of assistants required has not 
changed since automation.  
 
Prior to automation, a “queue marshall” was also required. This person was needed to maintain order 
outside the pharmacy as the queues were very long before automation. Both key informants felt there 
was no need for this role after automation.  
 

Who decides how many people actually work in the pharmacy? 
 
The key informants emphasized that although they may have guidelines for staffing requirements in the 
facility, Right to Care had no control over the number of assistants employed in the pharmacy as 
“government” was responsible for determining staffing levels.  
 
3.1.3. Drug flow: From arrival to dispensing, before and after automation 
The movement of medications through the pharmacy—from receiving orders to handing medication to 
patients—requires input and management by staff. Figure 2 illustrates the flow of medications and 
processes in the pharmacy, and the following points are a summary of the discussions on the issue – 
mainly with key informants. 
 

How do staff in the pharmacy manage ordering and receiving of stock and storage of bulk stock?  
And how has that changed (or not) since automation? 

 
Drug consumption records from TriMed as well as “general knowledge” regarding drug usage per week 
are considered for forecasting and re-ordering. When stock falls to the “re-order level,” staff re-order. 
The re-order level is linked to a volume of “buffer stock” that should carry the pharmacy through until a 
new order is received. The re-order level and buffer stock volume were developed based on historical 
usage and availability of drugs. It was not clear whether the re-order level has been adjusted now that the 
ROWA is in place and the patient caseload in the clinic has changed (See limitations section). Yet that may 
be irrelevant as, according to one respondent, the re-order level is not always used to trigger the order.  
 
The pharmacy staff respondents felt that forecasting and re-ordering had not changed with automation. 
However, one key informant felt differently. Now that the ROWA is in place, the key informant indicated 
that, “forecasting doesn’t require the whole day.” However, this person also attributed some of the 
changes to the introduction of fixed-dosed combination ARVs (FDCs).  
 
When a delivery of new stock arrives, the team meets the truck and checks the “quantities and quality” of 
the shipment. Then the stock is brought inside. A hard copy “data sheet” is used to track the batch 
numbers and expiry dates for the shipment. Then the stock is unpacked in the bulk storeroom and 
entered manually onto bin cards (as it has always been done). It is now also entered electronically into 
TriMed. One key informant said that they work hard to avoid disruptions when receiving new stock—
sometimes bringing in the stock and processing it later. The other key informant indicated that there may 
be a disruption of up to two hours. Three pharmacy staff were personally involved with this activity; all 
pointed to the requirement to enter drugs into TriMed as the main change since automation. Two said 
the process of stock receipt is longer and harder now and requires more time. However, they noted that 
apart from the additional task of entering stock into TriMed, the receipt of stock has not changed.  
 
All bulk stock is stored in the bulk storeroom. For ARVs, this is a holding place before being loaded into 
the ROWA for dispensing. For non-ARVs, this is where they are kept until dispensed to patients. 
Pharmacists “pick” the non-ARV drugs directly from the bulk storeroom. When asked if there is sufficient 
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space in the pharmacy for all medications, the key informants disagreed. One of them commented that 
space was an issue before the ROWA, and that no extra space was made available when the ROWA was 
introduced. Rather the ROWA moved the ARVs closer to the dispensing area; previously the pharmacy 
staff had to go to the bulk storeroom to pick the drugs.  
 
The decision to not include non-ARVs in the ROWA was related to space. The volume of ARVs dispensed 
per day was so large initially that the team decided to move as many of them to the dispensing area as 
possible. In hindsight, one key informant indicated that they may have “miscalculated” the burden of the 
non-ARVs in terms of time required to walk to the bulk storeroom to pick those. In addition, the ROWA 
may still be too small for the ARVs. Drugs must be loaded into the ROWA on a daily basis to accommodate 
the demand.  
 

After the drugs are in the pharmacy, what tasks are required to load the  
ROWA and prepare for dispensing medication?  

 
Three respondents said they were responsible for repacking medicines into ROWA-friendly packages 
before the packages could be loaded into the ROWA. This was because the packaging used by local 
manufacturers was not always ROWA-compatible.  
 
The ROWA’s “prologue system” should load the medications automatically with minimal manual 
interference. However, the staff reported, that at TLC, this system does not work “most of the time.” 
According to the participants, packs of drugs jam during the loading, and this halts the process. The drugs 
at the pharmacy are fast moving, quickly emptying out the ROWA; therefore loading needs to be done 
daily. This work is done outside of normal dispensing hours because there is only one robotic arm, which 
is required for loading as well as dispensing, and preference is given to dispensing.  
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Figure 2: Pharmacy systems and drug flow 
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Can you explain how dispensing works in the pharmacy?  
How has this changed (or not) since the ROWA? 

 
Dispensing requires picking of the drugs by the ROWA or manually by a pharmacy staff person from the 
bulk storeroom. Picking of the drugs by ROWA requires a pharmacy assistant to enter the medications 
required manually into the system. This is despite that information having already been typed in by the 
clinician who sees the patient before she or he visits the pharmacy. Then the ROWA responds to the 
pharmacy assistant’s request by picking the medication and dropping it into the assistant’s pick up box. 
 
According to South African pharmaceutical regulations, the pharmacist on duty is responsible for checking 
a number of issues before medications are dispensed to a patient. These include what medications the 
patient is currently taking, potential drug interactions, adherence issues (if applicable) and therapy 
suitability. According to the pharmacy staff interviewed for this evaluation, at TLC, these issues are now 
checked through a process, referred to as “validation,” using the TE and TriMed interface. However, as 
noted above, the pharmacist must still manually check that the right medicines are dispensed to the 
patient. This is referred to as “QC’ing the script.” This means the pharmacist should technically check the 
medications against the script before the pharmacy assistant can hand them to the patient. 
 
3.1.4. Tracking stock, stock outs, loss and expiry 
“Stock management” is a term that was used often by the interview respondents. In general, it meant the 
management of stock from ordering and receiving through to dispensing. The pharmacists are mostly 
responsible for stock management; however, since automation, this responsibility has also been granted 
to one pharmacist assistant who reported being a “ROWA technician of sorts.” It was felt that this was 
done to ensure accountability and proper use of the system.  
 
In this section we focus on a particular element of stock management, i.e. processes for tracking stock, 
including the ability to track various issues, and the potential for loss of stock (due to theft or expiry) in 
the clinic.  
 

How is the movement or inventory of medications tracked in the pharmacy? 
And how has that changed (or not) since ROWA? 

 
Considering all medication in the pharmacy, both key informants indicated that they did not have the 
ability to track a single box or unit from receipt to dispensing, but they could track a batch from receipt to 
dispensing. 
 
As non-ARVs are stored in the bulk storeroom, tracking of that inventory and that dispensing process is 
done manually – as it has always been done – with bin cards.  
 
For tracking of the dispensing of ARVs in the pharmacy – i.e. for reports showing prescriptions filled per 
month, the staff use reports from TriMed created using a date filter. One respondent said that the ROWA 
can also produce reports, but the staff relies on output from TriMed. This process is electronic now that 
the ROWA and TriMed are in place. Previously dispensing was tracked on paper forms and added up 
manually. Both key informants indicated that this tracking is easier now that the ROWA and TriMed are in 
use at the pharmacy. One also indicated that there is much less room for error now.  
 
In addition to tracking of monthly scripts, the key informants explained that they can track the number of 
patients serviced per month again through TriMed, although the reports for this data are “not as accurate 
as they could be.” One expressed frustration with this, and both indicated that they were working with 
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the software developers to improve the system. Similarly, the respondents were asked how they track the 
number of new patients per month. Previously this was tracked through a tally sheet, which was prone to 
error. This information is now available through TriMed.  
 
Finally, the respondents commented on how they track the number of items dispensed per day. Similar to 
the monthly stats, they rely on TriMed statistics for this. There are still challenges in that the reports are 
not as user friendly as the staff might like (for example, they provide quantity at different time points 
rather than stock used between time points). However, the system is electronic and easier than before 
when it was done by hand.  
 
Table 6 provides the key informants’ responses to questions regarding the actual number of patients seen 
and scripts dispensed per month. Note that the number of scripts packed per day as reported here is 
different than number determined through review of records for the cost evaluation. 
 
Table 6: Monthly dispensing stats according to key informants (N=2) 
Total scripts packed “450-500 per day”  9,000-10,000 per month 
What proportion is for...  
   ARVs 100%* 
   Chronic medications 15%** 
   For hospital wards 10%** 
   For acute conditions Not known 
Number of new initiates 30-50 per month 
*All patients receive ARVs as that is a requirement for attending TLC. 
**It is unclear whether these estimates were meant to indicate that ARV patients receive these in addition to the 
ARVs. There seemed to be challenges in using the TriMed reports to determine scripts per patient seen. 

 
How are inventory of medications, checking of expiry dates and reconciliation of  

records managed in the pharmacy? And how has that changed (or not) since the ROWA? 
 

When running smoothly, stock is received as needed and dispensed on an almost daily basis in the 
pharmacy. This includes stock that will expire soon. Expiry dates must be checked manually as the ROWA 
cannot – as currently programmed – handle the expiry information embedded in the product barcodes. 
There were comments from the staff that as stock are fast moving in the clinic, expiry is not a concern, 
but if/when it is addressed, that is done manually. 
 
According to the key informants, inventory, or “stock take,” involves a few different processes. It is 
monitored weekly, but “official stock take” is conducted every other week (twice per month). (The NDOH 
also visits to conduct a government stock take twice yearly.) In the alternating weeks, a less intensive 
“cycle count” is performed.  
 
During the formal stock take, a “batch count” and a second “physical count” are done and compared. The 
counts should match. They are then compared to the bin cards, which are seen as the “gold standard” 
when checking how much of a certain drug is available. They also compare the bin card numbers to a 
book which is used to document stock taken out of the bulk storeroom, and compare these numbers to 
the ROWA and TriMed reports.  
 
The manual elements of this system are used for all drugs – ARVs and non-ARVs. In addition, the ROWA 
produces an electronic report for the ARV stock loaded into the machine. However, one key informant 
said that these reports often don’t match the bin cards, and so they are seen to be unreliable. Errors in 
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the reports were noted to have been introduced through human error or other seemingly unexplained 
“bugs.” 
 
Once loaded into the ROWA – seen as a “closed system” – the drugs would presumably be easy to 
monitor; however, staff have problems with “ghost packs” and reversals (medications that appear to be 
in the ROWA but are not and medications that need to be manually returned due to dispensing errors). 
Although seen as a “closed system,” one key informant noted that the door can be opened, and the 
ROWA “cannot indicate who opened it or when.”  
 
When asked directly how the ROWA had changed the inventory and reconciliation processes, one key 
informant said that it now take more time because “too many processes and steps are involved.” He said 
that having to reconcile the ROWA, TriMed, and the bin cards was extra work. The other key informant 
said that they thought the process was faster because it had eliminated manually record keeping for 
some steps.  
 
According to the other pharmacy staff, the system for conducting inventory has largely not changed since 
automation. They felt that as most of the pharmacy’s stock is kept in the bulk storeroom and this stock is 
not managed through automation, all of the old systems were still required and had not changed. These 
staff members also indicated their mistrust of the automated elements of the inventory process. There 
was disagreement about whether inventory was easier or more challenging since automation. Some of 
the pharmacy staff said that the increase in records to reconcile and the unreliability of the records made 
the process of reconciliation more difficult. In contrast, two said that inventory was easier as there was 
no need to do an inventory on the stock stored within ROWA.  
 

Do you have more or less confidence in your ability to track stock 
 since the introduction of the ROWA? 

 
Although the staff expressed frustration and disagreed on how easy it is to track stock now that the 
ROWA has been introduced, when asked to rate their ability to track stock from receipt to dispensing on a 
scale of one to five (where one was very poor and five was excellent), all rated this ability as a 3 or higher 
(3 (60%) indicated 3, 2 (40%) indicated 4) (data not shown).  
 
Following this rating, the respondents were asked to indicate whether their ability to track stock was 
better or worse now than prior to ROWA, and all 5 (100%) indicated that it is now better (data not 
shown).  

 
How often does the pharmacy experience stock outs of essential drugs?  

And how has this changed since the ROWA? 
 
When asked about their experiences with stock outs and the impact of automation on this issue, both key 
informants said that any stock outs experienced at the pharmacy have been as a result of national level 
stock outs, and automation has had no effect.  

 
How has the introduction of the ROWA impacted on lost or stolen stock? 

 
According to the respondents, the ROWA has also had little or no impact on stock loss or theft. Regarding 
how this could be determined, one key informant said that the impact of automation on lost or stolen 
stock could potentially be determined through stock take and reconciliation, although there was no way 
to be completely sure of whether stock had been stolen. The other key informant also felt that there was 
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no way to determine whether stock had been lost or stolen. That said, one key informant felt that the 
pharmacy experienced no problems with theft, loss and/or a general lack of accountability for medicines. 
The other key informant said this information was not calculated because there was no “motivation” to 
calculate these for government stock. Both key informants felt automation had not had an impact on 
stock loss or theft.  
 
3.1.5. Responsibilities/tasks in the pharmacy and staff attitudes regarding ROWA 
After asking the participants about the systems in place at the pharmacy and the changes to those since 
the ROWA, we asked the respondents to describe how they personally view their responsibilities in the 
pharmacy and the changes since introduction of the ROWA.  
 

What do you do in the pharmacy on a day-to-day basis? 
How has that changed (or not) since the ROWA? 

 
Responses to this question covered a range of tasks including staff management and administrative 
duties, QC and validation, stock management, ROWA-specific stock management and patient dispensing 
and counseling. 
 
Pharmacists are responsible for managing, supervising and training assistants and also administrative 
tasks such as report writing and attending meetings with other health workers in the pharmacy or 
hospital. In addition to their oversight and administrative roles, the two pharmacists reported 
prescription validation or “QC” among their main duties.  
 
In fact, dispensing (including the QC’ing by pharmacists) and counseling of patients constituted the 
greater part of the day for almost all of the respondents. This was true before and after the ROWA. The 
pharmacy staff conducts counseling and dispensing using a group, or team, approach. One team of staff 
dispenses to patients at the four dispensing windows, whilst the other team conducts group counseling 
sessions with patients. They reported that more intensive counseling is given to new initiates, those 
changing regimens and those with adherence issues. 
 
That said, the ROWA has changed the way staff work in the pharmacy. The most obvious changes are 
related to the introduction of new, ROWA-specific activities and the automation of the picking process. 
For example, ROWA technical support was seen to be a new responsibility in the pharmacy, and was 
reported by three respondents. This role included removing stuck objects from the loading arm, 
physically entering the ROWA to move “ghost packs”, and communication with the automation technical 
support team. Prepping, or re-packing, and loading of drugs into the ROWA were also new tasks and 
reportedly required a significant amount of time. One of the pharmacy staff has been given the 
responsibility of loading the ROWA daily. The drugs at the pharmacy are fast moving, quickly emptying 
out the ROWA. That staff member reports to work at 5:30 in the morning to do the work before 
dispensing begins. 
 
Fortunately, although the ROWA has created new tasks for staff, it has also reduced the time required for 
dispensing, thus freeing up time for the new tasks. The ROWA seems to have allowed for a clearer 
division of labor or delegation of tasks in the pharmacy. As a result of this division of labor, individual staff 
members reported spending more or less time on tasks depending on how they were reassigned. For 
example, one respondent indicated that he is now almost exclusively assigned to higher-level stock 
management for the ROWA, and that he spends more time at work as a result. Other staff discussed how 
spending less time on dispensing has freed them up for other tasks such as assisting with stock 
management or administrative work such as meetings, report writing, and supervisory aspects of their job 
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descriptions. They talked about not being able to attend meetings in the past as a result of the need for 
everyone to dispense. Some also mentioned that they now have more time for counseling patients; 
however, it was noted that despite having more time for counseling, it isn’t always done. See “Patient 
Care” below for further detail on that issue. 
 
There are also some tasks that seem entirely new, and it was difficult to discern whether these were new 
as a result of the ROWA (i.e. new tasks required by the ROWA) or if they are new because the ROWA 
freed up time and allowed staff to take on new projects unrelated to the ROWA. The new activities 
included group counseling, adherence clubs, and working in the hospital wards. The adherence clubs and 
ward rounds required drug-packing in advance.  
 
Finally, some jobs in the pharmacy have not been affected at all by the ROWA. For example, the 
management of expiry dates for drugs has not changed (because the ROWA was not programmed to 
manage expiry dates). Also, it was noted by a few respondents that as the ROWA only handles ARVs, 
management of all non-ARV drugs has not changed. The old, cumbersome system of bin cards and 
manual inventories is still in use. The respondents commented, though, that these drugs comprise only a 
small proportion of the drugs managed in the pharmacy. Lastly, the ROWA’s storage capacity is too small 
to handle all of the ARVs in the pharmacy at one time, so bulk storage of the ARV medication that will 
eventually go through the ROWA is still managed outside of the ROWA, and thus all of the old systems for 
inventory and management of that bulk stock have not changed.  
 

How has the time spent on various activities in the pharmacy changed since the ROWA? 
 
In an attempt to quantify some of the staff-related changes that have occurred since introduction of the 
ROWA, the pharmacy staff respondents were asked to indicate for each task or responsibility whether 
they now spend less time, the same amount of time, or more time than before the ROWA. They were also 
asked how often the activity takes place and how much time was spent doing that activity. All times were 
adjusted to allow for presentation based on a monthly timetable.2 Table 7 provides the quantitative 
results from this exercise.  
 
Table 7: Current pharmacy activities, time required and changes since automation (N=5) 
Activity Current activity in the pharmacy Change in time required for activity 

since ROWA introduction 
Staff who have 

this responsibility 
n (%) 

How often 
task is 
done 

Median time (hours) 
per month [IQR] 

More time 
n (%) 

Less time 
n (%) 

No change 
n (%) 

Administrative 
duties 

2 (40%) Weekly 9.0 [9.0 - 9.0] 1 (50%) 1 (50%) 0 (0%) 

Dispensing 5 (100%) Daily 96.0 [64.0 -112.0] 0 (0%) 5 (100%) 0 (0%) 
Preparation of 
stock orders  

1 (20%) Weekly 9.0 [9.0 - 9.0] 0 (0%) 0 (0%) 1 (100%) 

Receiving stock 
orders  

3 (60%) Weekly 13.5 [7.5 - 20.2] 2 (67%) 0 (0%) 1 (33%) 

Inventory 4 (80%) Weekly 3.0 [2.5 - 3.4] 0 (0%) 3 (75%) 1 (25%) 
Drug expiry 
check 

4 (80%) Weekly 2.6 [2.0 - 3.8] 0 (0%) 1 (25%) 3 (75%) 

2 Time reported for “daily” activities was multiplied by 16 working days per month (because dispensing and 
counseling are Monday to Thursday plus one Friday each month). Time reported for “weekly” activities was 
multiplied by 4.5 weeks per month.  
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Activity Current activity in the pharmacy Change in time required for activity 
since ROWA introduction 

Staff who have 
this responsibility 

n (%) 

How often 
task is 
done 

Median time (hours) 
per month [IQR] 

More time 
n (%) 

Less time 
n (%) 

No change 
n (%) 

Stock record 
reconciliation  

3 (60%) Weekly 9 [9.5 - 9.8] 2 (67%) 1 (33%) 0 (0%) 

Patient 
counseling  

5 (100%) Daily 24.0 [16.0 - 32] 2 (40) 0 (0%) 3 (60%) 

Any other duties  0 (1%) - 9.0 [9.0 – 9.0] - - - 
 

What is the general feeling among staff about the impact  
of the ROWA on day-today work? 

 
While discussing their roles and responsibilities and the time spent on various activities, the participants 
spontaneously provided qualitative observations on how their overall work experience in the pharmacy 
has changed. Almost all had positive comments regarding the ROWA’s impact on their work day. All 
respondents noted how they used to dispense all day and often had to stay late to manage the client 
load. Except for one respondent, all noted that their work day is now shorter or that dispensing is finished 
earlier in the day, freeing them up for other tasks. A few commented that they now have less concerns 
about dispensing errors, potentially meaning a less stressful work day as well.  
 
Despite these positive changes; however, the staff noted that the ROWA is not without its challenges. 
Several noted that the ROWA is unreliable and that it often breaks down – leaving them with no option 
but to return to the older, slower methods of dispensing. Many said that although the ROWA generates 
reports that should make stock management easier, staff believes the reports are inaccurate. Further, 
because some very important aspects of stock management are not automated (e.g. non-ARVs, bulk 
stock), the ROWA reports are an incomplete picture of stock in the pharmacy at best. 
 
3.1.6. Patient care 
As noted above, one of the anticipated benefits of pharmacy automation is that, by automating the 
picking process, it might free up the pharmacist, creating a window of time in which to provide education, 
medication counseling and monitoring for patients. To better understand whether this might be 
happening at TLC, pharmacy staff participants were asked questions directly about patient care.  

How has patient care changed (or not) since the ROWA? 
 
In responses about how patient care has changed since the ROWA, the validation process emerged as a 
common theme. As noted above, it involves both electronic and physical review of patient files before 
dispensing. The pharmacist uses this opportunity to look through the patient files for any “red flags” 
regarding adherence or clinical/prescribing issues such as potential drug-drug interactions. According to 
the respondents, patients requiring intensive counseling, i.e. defaulters, new initiates, and those changing 
regimens are identified and counseled separately. The pharmacists interviewed said validation has been 
made easier by automation. The TE–TriMed interface makes it possible to look through prescriptions and 
patient history data without going through a physical file. This makes it easier to identify patients that 
require extra attention.  
 
It was mentioned that TLC’s rules for down-referral may mean that the pharmacy will serve a higher 
proportion of patients with clinical and adherence problems in the future, therefore requiring more 
counseling time and closer monitoring. The ROWA will be helpful if and when that transition occurs.  
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Dispensing errors were also raised as a patient care issue. According to both key informants, there are 
quality control measures in place to prevent dispensing errors. One key informant said that there are less 
dispensing errors generally since automation had taken place, but he attributed this to reduced numbers 
and less pressure on those dispensing. The other key informant said that although there is no record kept 
of dispensing errors (from before ROWA or now that it is in place), it does not seem that there has been a 
difference since automation. The other, pharmacy staff respondents indicated that they now have less 
concerns (justifiably or not) about dispensing errors. However, they acknowledged that the ROWA will 
pick the drug that is requested, but there is still room for error as the pharmacy assistant must manually 
type in the name of the drug that is required. This is despite the drug already being “in the system” after 
being prescribed by the doctor on the same day. 
 

How much time is spent counseling? And how has that changed (or not) since ROWA? 
 
The respondents noted that the majority of the patients seen at TLC are stable and have been on ARV’s 
for a long time. According to the respondents, the patients do not require much counseling. In fact, the 
“counseling” approach seems to be that patients are asked questions regarding adherence and whether 
they have experienced any problems with their medication(s). If s/he indicates that there are no 
problems, the pharmacist/pharmacy assistant will dispense the drugs, and the process is complete. When 
specifically asked if this approach has changed with the ROWA, the respondents indicated that it hadn’t. 
They confirmed that little to no counseling is done. This was the model before automation, and it hasn’t 
changed. 
 
This was an interesting finding, as the respondents had indicated having more time for activities such as 
counseling. When this potential contradiction was posed to them, they clarified that although there is 
more time for counseling, that time is not necessarily used for counseling. Underlining this conclusion, 
the staff explained that while the ROWA is picking up the drug for the patient, the time “saved” is 
generally used to move to the next prescription creating a conveyer belt like process. Staff aim to enter as 
many scripts as possible into the system before they receive the drugs from the ROWA. They feel that this 
translates to reduced waiting times, which have been a priority in the pharmacy, and finishing with 
patients earlier in the day (another priority). This faster service was seen to benefit patients. 
 
Reflecting on why the time spent counseling per patient hasn’t changed, the respondents seemed to 
think that the problem was partly one of patient’s expectations. One respondent said that patients want 
to leave the clinic as soon as possible and so the staff rushes them through the process. Another 
respondent said that patients were used to the “drug pick up” model that existed when the pharmacy 
was overwhelmed prior to the ROWA and that they do not understand the role of pharmacists as 
counselors or their potential to manage their care. The respondents said that the patients view the 
pharmacy as simply a “drug pick up zone.” Further, it was raised that although counseling hasn’t changed, 
there is “less tension” between patients and pharmacy staff as a result of the reduction in waiting times. 
The respondents felt that, although they don’t always get extensive counseling at each visit, their patients 
are aware that should they need more time, or should they have problems, they have access to the 
pharmacy staff for assistance.  
 
Interestingly, although the amount of time per patient reportedly has not changed, the respondents did 
report a change in terms of the total time spent counseling on a monthly basis. This time is presented in 
Table 7 above. All of the respondents said that they currently do patient counseling, and on average, each 
staff member spends roughly 24 hours per month on that task. Two of the five respondents said they 
spend less time counseling now than before ROWA, and three said they spend more time. These results 
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likely reflect changes in patient volume in the pharmacy and the changes in roles and responsibilities 
described above. 
 

What is important to consider when counseling patients? 
 
Finally, to provide a more structured understanding of the staff’s thoughts about patient counselling, the 
pharmacy staff were asked to respond specifically to questions about whether they felt it was “important 
to personally provide information to patients” and whether they felt they had the “ability to regularly give 
information to patients.” The “information” was specifically defined to include the medicine’s name, 
strength, indication, instructions for use (frequency), and side effects. As shown in Table 8, all of the 
respondents felt that these issues were important to discuss with patients and that they currently had the 
ability to do so. This starkly contrasts with what the respondents reported actually doing in their 
counseling sessions. 
 
Table 8: Pharmacy staff-patient interactions in the pharmacy 

 Believes it is important to 
personally provide this 

information to patients (n (%)) 

Reported having the ability to 
regularly provide this information 

to patients (n (%)) 
Name of medication 5 (100%) 5 (100%) 
Strength 5 (100%) 5 (100%) 
Indication 5 (100%) 5 (100%) 
When to take the medicine 5 (100%) 5 (100%) 
Side effects 5 (100%) 5 (100%) 
 
3.2. Cost evaluation 
 
Results presented here focus on costs and cost drivers identified in the model as well as changes in costs 
when moving from a manual to a ROWA-automated environment given the three different pharmacy 
profiles (i.e. baseline, enhanced and ideal).  
 
3.2.1. ROWA capacity, testing feasibility of volume adjustments in the model 
Based on estimates from key informants, the current ROWA ADS has a theoretical storage capacity of 
11,000 bottles or packages, which could translate into 3,600 scripts per day based on the assumption of 
every patient receiving a three month script of FDCs (i.e. three bottles per script). However, the actual 
maximum number of scripts possible per day is limited by the time required to dispense. We found that 
the average script takes 30 seconds to dispense, which translates to 960 scripts per day given a standard 
eight hour working day. Given these findings, our assumption of 500 scripts per day in the enhanced and 
ideal pharmacy profiles is plausible. Further, as the pharmacy is currently dispensing around 280 scripts 
per day, the ROWA is technically only being used at approximately 30% capacity.  
 
3.2.2. Impact of automation on costs per script and cost drivers 
We did not find significant differences in the cost per script dispensed before and after the 
implementation of the ROWA automated dispensing system in the baseline pharmacy profile.  
 
The cost evaluation yielded a cost per script of R17.11 for the baseline/typical, automated pharmacy 
profile, and R17.94 for the baseline/typical pharmacy prior to automation (see Table 9). This suggests cost 
savings; however, it is important to note that the ROWA system and the setting in which it was 
implemented are very specific and not representative of most potential automation circumstances. 
Further, the uncertainty analysis yielded very wide ranges around the unit cost estimates. For example, 
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for the baseline/typical, automated pharmacy, the cost per script according to the model could vary from 
R11.76 to R21.95. This range represents a difference of 31% lower or 28% higher costs than the base case 
estimate (i.e. the baseline/typical, automated pharmacy cost). Uncertainty analysis yielded similar 
variation in the cost estimates for all three profiles in the manual and automated environments. 
 
Table 9: Cost per script, manual and automated pharmacies, including uncertainty analysis (ZAR) 

 
Pharmacy 

profile 

Manual pharmacy Automated pharmacy 

Expected 
case 

Best case  
(% change) 

Worst case  
(% change) 

Expected 
case 

Best case  
(% change) 

Worst case  
(% change) 

Baseline/ 
typical  17.94 12.34 (-

31%) 22.47 (+25%) 17.11 11.76 (-31%) 21.95 (+28%) 

Enhanced 17.24 11.93 (-
31%) 21.43 (+24%) 14.79 10.45 (-29%) 18.46 (+25%) 

Ideal 13.30 9.08 (-32%) 16.49 (24%) 13.44 9.24 (-31%) 16.90 (+26%) 
 
Table 10 summarises the changes in costs when moving from a manual to an automated environment for 
each of the six scenarios covered in the model. The proportions reported represent comparisons of the 
expected case values presented in Table 9. As a reminder, for all scenarios, one must view the expected 
case outcomes cautiously as uncertainty analysis showed that the change in costs may have been positive 
or negative when moving from a manual to an automated environment. Considering the baseline 
pharmacy profile (i.e. that represented by the study facility), moving from a manual to a ROWA-
automated dispensing environment reduced the cost per script minimally by 5%.  
 
Table 10: Changes in cost per script dispensed by scenario when moving from manual to automated 
pharmacy (expected case comparisons) 
Scenario Manual (Pre-ROWA )  

pharmacy profile 
Automated (Post-ROWA)  

pharmacy state 
Percent change in cost per 

script* (expected case 
comparisons) 

1 Baseline/typical  Baseline/typical -5% 
2 Baseline/typical Enhanced -18% 
3* Baseline/typical Ideal -25% 
4 Enhanced Enhanced -14% 
5 Enhanced Ideal -22% 
6** Ideal Ideal 1% 
*Negative values represent potential cost savings; whereas positive values indicate potential increases in cost per 
script. 
 
In scenario two, moving from a baseline/typical pharmacy to an enhanced profile where patient volumes 
have been increased, we see potentially greater savings at 18%. In scenario four, where we compare the 
manual and automated environments for a pharmacy where patient volume has already been increased 
(the enhanced pharmacy profile), introduction of automation is potentially less cost saving, reducing the 
cost per script by 14% under the expected case.  
 
Considering the best case scenario (scenario three), where we explore the movement from a baseline, or 
typical, pharmacy before automation to an ideal pharmacy profile after automation, we see the highest 
potential cost savings at 25% per script. However, it is important to note that the change in cost when 
considering automation of an already “ideal” pharmacy before and after automation (scenario six), was 
an increase of 1%. This suggests that the cost savings in scenario three may be due to an increase in 
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patient volume, streamlining or task shifting (all of which differentiate the ideal pharmacy profile from 
the baseline pharmacy profile) rather than solely efficiency gains as a result of introducing automation.  
 
Further exploring this issue, we compare scenario three to scenario five. The potential cost savings in 
these two scenarios is very similar. In scenario five, we move from the manual enhanced pharmacy profile 
(where patient volumes have been increased) to an automated ideal pharmacy profile (where, in addition 
to patient volumes being increased, streamlining and task shifting have taken place). Here we see 
potentially a 22% reduction in the cost per script. However, the potential cost savings in scenario three 
were similar at 25%. Comparing these two scenarios, one can surmise that that the cost savings seen in 
scenario three are likely due to streamlining and/or task shifting and not the increase in patient volume. 
 
This point is underscored and further clarified by the breakdown of cost per script by cost category as 
provided in Table 11. For all pharmacy profiles – before and after automation – staff costs represent the 
vast majority of the total cost. Salaries comprise between 60%-86% of the total costs when considering all 
possible profiles, before and after automation. Quality control activities, which include streamlining, 
comprise just 4%-10% of the total costs. Given these findings, we conclude that the cost savings seen in 
scenario three (moving from the manual baseline/typical pharmacy to an ideal automated pharmacy) are 
driven almost entirely by the differences in staffing (defined as “task shifting” in the model) between the 
two.  
 
It is important to keep in mind that the model includes an assumption that staff are completely 
productive. The sensitivity of cost per script to staff costs places a strong burden on this assumption. If 
staff spend time saved as a result of shifting to automation in unproductive activities, then any cost 
savings incurred may be negated. 
 
Table 11: Cost breakdown for expected case cost per script by pharmacy profile, before and after 
automation (proportion of total cost) 

 
Furthermore, the cost breakdown provided in Table 11 also demonstrates that the initial investment in 
equipment (i.e. purchasing the ROWA) was not a significant driver of cost, representing only 21% of the 
total cost for the baseline/typical automated pharmacy. As a reminder (and noted in Table 2 above), this 
was given the charitable assumption of a 20 year working life for the ROWA machinery. Even if we double 
the cost of purchasing the automated dispensing equipment (ROWA) in the model, the cost per script for 
the baseline/typical pharmacy only increases by 17% (data not shown), showing that the cost of 
dispensing is relatively insensitive to changes in equipment costs. 
 

Category Baseline/typical  Enhanced Ideal 
Manual Automated Manual Automated Manual Automated 

Materials 3% 3% 3% 4% 4% 4% 
Materials – Shared 1% 1% 1% 1% 1% 1% 
Salaries/Activities 83% 60% 86% 70% 83% 70% 
Salaries/Activities – 
Shared 

0% 0% 0% 0% 0% 0% 

Quality Control 6% 10% 4% 7% 4% 4% 
Equipment 3% 21% 2% 14% 2% 15% 
Other 0% 0% 0% 0% 0% 0% 
Other – Shared 4% 4% 4% 5% 5% 5% 
Total cost 100% 100% 100% 100% 100% 100% 
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It is also worth noting the impact of patient volumes on the cost per script dispensed. While it is not 
surprising that moving from the baseline/typical profile to the enhanced capacity profile was potentially 
cost saving, it is noteworthy that increasing patient volumes was more effective in reducing cost in an 
automated dispensing (ROWA) environment than in a manual dispensing (pre-ROWA) environment, 
causing a 14% and 4% reduction respectively (data not shown) This suggests that increasing patient 
volumes to spread fixed costs across a larger denominator may be a cost saving option. 
 
Finally, the cost per script was also sensitive to certain time parameters associated with dispensing 
activities. For example, in the baseline/typical pharmacy profile in the manual, or pre-ROWA, 
environment, reducing the time spent on preparing for dispensing to 3 minutes from 4 minutes reduces 
the overall cost per script dispensed by 11% (data not shown).  
 

4. Limitations 
 
There are limitations to the results described here.  
 
First the evaluation was retrospective. The study team had to rely on the memory of the study 
participants; some of them did not have extensive experience working at TLC prior to automation. The 
team also had to rely on purchasing or service delivery records which had been filed away. In some cases 
these were incomplete or missing. For similar evaluations in the future, a prospective evaluation would 
be preferred.  
 
In speaking to the respondents, it was clear that their definitions, or understanding, of what constituted 
“automation” varied. For some this included the ROWA alone, for others it was ROWA plus Tri-Med, and 
others added the integration of TE and TriMed. The study team attempted to manage this by referring to 
the “ADS” or, “automated dispensing system” during the interviews. However, as the interaction with the 
ADS was different for each staff person, their responses may reflect their personal definitions.  
 
This problem also complicated the cost evaluation. The automated dispensing environment considered in 
the scenarios included both the robotic arm and storage facility as well as the computerised information 
system. It was impossible to isolate the effects of one from the other. One might ask how much of the 
potential benefits of automation could be realised with just the computerized system, i.e. TriMed. If stock 
management was the primary problem in the manual environment, TriMed alone could have potentially 
sufficed.  
 
Finally, the TLC pharmacy is a fast-paced service centre and an implementation site for a range of 
different operational and clinical research projects. Technically a public sector facility, though supported 
by RTC, it is also affected by changes made to pharmacy policy at the national level. During and after the 
study implementation period, several major developments occurred at TLC which changed the nature of 
services in the pharmacy and affected the ability of the study team to evaluate the impact of automation. 
Further detail is provided below for each of these developments, and the timing of each is illustrated in 
Figure 3.  
 

Down-referral. Since 2009, TLC has been ‘down-referring’ stable patients to obtain their 
continuing ARV supplies at primary health clinics. There has been an increase in the number of 
patients down-referred since the implementation of automation, resulting in a substantial 
reduction in the numbers of patients seen at TLC.  
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Depot/Central Medicines Procurement Unit (CPMU) ordering. In January 2012 Helen Joseph was 
selected by the NDOH to start receiving medications from a “Central Medicines Procurement Unit 
(CMPU)” rather than the Medical Supplies Depot (MSD). Working with the CMPU has formalized 
certain elements of the stock ordering and receiving process. For example, a memorandum of 
understanding explicitly guarantees a maximum waiting times for delivery of shipments. This kind 
of formal agreement did not exist with the MSD.  

 
Pharmacy staff training. Helen Joseph Hospital is a tertiary facility, and TLC is a training site for 
public sector health practitioners, including pharmacists (e.g. pharmacist assistants, pharmacist 
interns and community service pharmacists). During the study evaluation period, as part of a 
capacity building initiative, RTC started a program for training therapeutic counsellors to be 
pharmacist assistants. 

 
Fixed-dose combination drugs. In 2013 South Africa introduced fixed-dose combination (FDC) 
ARVs for use in the first line treatment of HIV-positive patients. The introduction of FDC has 
reduced the number of medicines stocked within the TLC pharmacy and the number of drugs 
dispensed per individual.  

 
Figure 3: Timeline illustrating implementation of ROWA and other simultaneous developments at TLC 

 
 
 

5. Conclusions 
 
The ROWA automated system evaluated here is just one example of automation technology. Several 
options exist which may be more or less appropriate for various settings. 
 
Because of its limitations, the results of this evaluation should be interpreted as one data point that can 
contribute to an overall understanding of the potential for pharmacy automation in South Africa. The 
evaluation points out key issues and questions that should be examined going forward. 
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Appendix A: ROWA Costing Parameters and Assumptions 
 
This appendix contains specific cost inputs for the model. Where just one cost is presented, it is assumed 
to be constant through all pharmacy profiles and the manual and automated dispensing environments.  
 
Table A1: Activities - All activities directly associated with each script dispensed 
Activity Staff Member 

Involved 
Time required (minutes per 

script) 
Description 

Observed* 
 

Variation for 
uncertainty 

analysis 

Low High 

Collect patient file Learner Basic 
Pharmacy 
Assistant 

0.1 0.1 0.1 Walk out to main waiting room, 
collect 20 patient files and bring 
them back to the pharmacy 

Script validation Pharmacist 0.5 0.3 0.6 Open file, scan barcode, check 
prescription, history, allergies, side 
effects, etc..., approve script 

Prepare for 
dispensing 

Learner Post-
Basic 
Pharmacy 
Assistant 

1.7 1.5 2.0 Log dispensing record, submit 
dispense command to ROWA, 
retrieve drug from ROWA, print 
label and stick onto bottle 

Cross check with 
pharmacist 
(presenter) 

Learner Post-
Basic 
Pharmacy 
Assistant 

0.2 0.1 0.2 Presents script to supervisor for 
signing off  

Cross check with 
pharmacist 
(checker) 

Pharmacist 0.2 0.1 0.2 Cross checks script presented and 
signs off 

Handover of drug 
to patient 

Learner Post-
Basic 
Pharmacy 
Assistant 

1.2 0.8 1.6 Hand drugs over to patient and 
counsels.  

Stack and return 
patient file 

Learner Basic 
Pharmacy 
Assistant 

**0.0 **0.0 **0.0 Stack patient files into the return 
pile and periodically return them 
back to the records office 

Total  5.7 2.6 9.3  
*Observed during time and motion evaluation. 
** There are several observations in the table for which the time indicated is 0 minutes. In practice, we observed 
that staff often skip the entire step altogether, or they group the activities together, such that specific tasks do not 
require extra time.  
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Table A2: Maintenance and QC - All maintenance and quality control activities that cannot be directly 
costed on a per script basis  
Activity Staff Member 

Involved  
Frequency  Time 

(Hours) 

Order Drugs Online or by Phone 
 
Either online or by phone/faxing physical copy. 
Create a request form with quantities, type of drug, 
tablet/capsule, submitted to NDOH for processing 

Pharmacy 
Supervisor  

Weekly 0.5 

Receive Delivery 
 
Checking quality for spillages/breakages/seals, cross 
check invoice against order. Check temperature 
controlled drugs. Check quantity and brand names. 
Check for expiry date. Move into pharmacy 

Pharmacist  
 
Post-Basic 
Pharmacy Assistant  

Weekly 0.8 

Record Bin Cards 
 
Fill in bin card for drugs received 

Learner Post-Basic 
Pharmacy Assistant  

Weekly  0.3 

Load stock into storage area 
 
Pack stock whilst reordering by expiry date 

Learner Basic 
Pharmacy Assistant  

Weekly  0.2 

ROWA Loading 
Batch Loading ROWA 
 
Fill up ROWA tray with drugs to be pre-loaded for the 
next day 

Post-Basic 
Pharmacy Assistant  

Daily 0.5 

Manual ROWA Loading (Successful Batch Loading) 
 
Manually load drugs into ROWA. Scan each drug's 
barcode and place onto conveyor belt. 

Post-Basic 
Pharmacy Assistant  

4 out of 5 
days a week 

1.0 

Manual ROWA Loading (Failed Batch Loading) 
 
Same as above, but times reflect the increased 
quantities that need to be manually loaded when 
batch loading the previous day fails (ie. When a drug 
gets stuck and jams the machine during the loading 
process) 

Post-Basic 
Pharmacy Assistant  

Weekly 3.0 

Stock Audit 
Minor stock take 
 
Using bin card, count stock. Record expiry dates. 
Note down anomalies and investigate 

Post-Basic 
Pharmacy Assistant  

Weekly 0.8 

Record expired drugs 
 
Log expired drugs, and store in destroy pile 

Post-Basic 
Pharmacy Assistant  

Weekly 0.2 

Drug Destruction 
 

Post-Basic 
Pharmacy Assistant  

Bi-annually 0.3 
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Activity Staff Member 
Involved  

Frequency  Time 
(Hours) 

Send expired drugs to waste control 
Major Stock Take All staff (see Table 

A3) 
Bi-annually 4.0 each 

*Note: Current parameters for ROWA Manual Loading assume that the machine fails to load once a week (one day 
out of five). This is based on conversations with site staff. 
 
Table A3: Salaries - Type, quantity and salaries of staff members involved in the pharmacy* 

Staff Member Quantity Total Salary/Month Salary/Hr 
Pharmacy Supervisor  1 R 58,136.14 R 407.50 
Pharmacist  1 R 51,065.22 R 357.93 
Intern Pharmacist (IP) 1 R 22,560.96 R 158.14 
Post-Basic Pharmacy Assistant  5 R 19,916.31 R 139.60 
Learner Post-Basic Pharmacy Assistant  5 R 16,896.78 R 118.44 
Learner Basic Pharmacy Assistant 2 R 10,751.09 R 75.36 
* Note that not all pharmacy staff members are involved since costing is based on activities. Salaries are averages 
based on data provided by South Africa’s Department of Public Service Administration; they include all costs to the 
employer. The salary per hour takes vacation time, sick time, etc into consideration.  
 
Table A4: Materials - All perishable items associated with each script dispensed 

Item Cost Units/Script Source 
Printing Labels (Labels for 
dispensing, 1200 labels per pack) 

R 131 3 Estimated 

Printer cartridge (Prints 1750 
labels per cartridge) 

R 146.73 3 Estimated 

 
Table A5: Equipment - All equipment present in automated dispensing environment 

Equipment Quantity Unit Cost(ZAR)* Source** 

Air conditioner (Large) 3 5,000.00 Estimated - Makro 
Air conditioner (Small) 3 3,000.00 Estimated 
Backup UPS 1 5,038.04 Right to Care 
Benches 3 600.00 Estimated - Makro 
Bucket 1 70.00 Estimated - Makro 
Chairs 7 100.00 Estimated - Makro 
Desktop Computer 7 6,129.67 Right to Care 
Computer Monitor 7 2,495.00 Right to Care 
Cupboards/Storage Units 5 1,300.00 Estimated - Makro 
Curtains 7 500.00 Estimated 
Dispensing Chairs 4 600.00 Estimated - Makro 
Dispensing Desks 4 1,500.00 Estimated 
Fire Alarm 1 2,000.00 Estimated 
Fridge 2 16,600.00 Estimated - Makro 
Label Printers 8 1,000.00 Estimated - Makro 
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Equipment Quantity Unit Cost(ZAR)* Source** 

Label Scanners 8 500.00 Estimated 
Ladder (Large) 1 800.00 Estimated - Makro 
Ladder (Small) 2 350.00 Estimated 
Overhead Lights 21 1,000.00 Estimated 
Microphones 2 140.00 Estimated - Makro 
Mop 1 69.00 Estimated - Makro 
Office Chairs 2 2,000.00 Estimated - Makro 
Patient Calling System 1 10,000.00 Estimated 
Pilots (Plastic) 13 200.00 Estimated 
Pilots (Wood) 4 300.00 Estimated 
Printer and Photocopier 1 2,500.00 Estimated 
ROWA 1 2,523,688.87*** Right to Care 
Rubbish Bin 4 150.00 Estimated 
Shelves (Small) 1 800.00 Estimated 
Shelves (Tall) 8 2,000.00 Estimated - Makro 
Sink 2 769.00 Estimated 
Smoke Detectors 6 100.00 Estimated 
Sound System 1 5,000.00 Estimated 
Surveillance Camera 1 700.00 Estimated 
Table/Desk 2 1,600.00 Estimated - Makro 
Telephone 2 900.00 Estimated - Makro 
Trolleys 2 500.00 Estimated 
ROWA Monitor 1 3,000.00 Estimated 
Laptop 2 10,000.00 Estimated - Makro 
Burglar Bars 10 1,000.00 Estimated 
* Uncertainty regarding these costs was addressed through informal evaluation of equipment costs as overall cost 
drivers. Equipment contributed just 14% of total costs, suggesting it was not a significant cost driver.  
** Sources for price information include: Right to Care purchasing records, costs of similar items currently sold by 
Makro, or study team estimations.  
***Doubling this discounted purchase price increased costs by 12%, suggesting relative insensitivity of the overall 
costs to this input. 
 
Table A6: Scripts dispensed per day in automated pharmacy 

Baseline/typical pharmacy (Actual = automated) 
Low Baseline High 

250 scripts per 
day 

281 scripts per day* 400 scripts per day 

*Mean daily number of scripts for 02/05/2013 to 02/05/2014. 
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Table A7: Overhead and shared Costs - Miscellaneous costs shared with Helen Joseph Hospital 
Item Unit Cost Quantity Frequency 

Office Stationery R 800 1 20 
Cleaning of Pharmacy R 3.13 per minute 20 1 
Electricity R 9.04 per square metre 100 20 
Water R 0.75 per square metre 100 20 
Effluent R 0.57 per square metre 100 20 
Rent / Space R 44 per square metre 100 20 
 
Table A8: Other Costs – Other, excluded miscellaneous costs* 

Item Description Unit Cost Quantity 
Insurance Insurance of equipment - - 
Maintenance Planned maintenance - - 
Maintenance Unplanned maintenance - - 
Repairs Repairs to equipment - - 
Setup Setup of software/upgrading - - 
* These are currently not factored in (i.e. assumed to be 0) due to lack of information. 
 
Table A9: Time taken for ROWA to dispense a script 

Baseline/typical pharmacy (Actual = automated) n = 20 
25th percentile Mean (Median) 75th percentile 

15.25 seconds 29.35 seconds (23.5 seconds) 45.5 seconds 
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